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EFFECTS OF GENERALIZED IMITATION TRAINING ON FUNCTIONAL SPEECH
ACQUISITION DURING PICTURE EXCHANGE COMMUNICATION
SYSTEM (PECS) TRAINING

Mindy K. Newhouse-Oisten, Ph.D.

Western Michigan University, 2018

The current literature regarding the Picture Exchange Communication System (PECS)
demonstrates that some individuals diagnosed with autism acquire speech or gain increases in
speech during PECS training; however, the current research base has several limitations. There
is a lack of research regarding possible explanations for those speech gains, including possible
pre-requisite skills for speech acquisition or procedures that can account for speech acquisition.
Some research suggests a link between imitation (both motor and vocal) and language
acquisition. The current study examined whether individuals with a generalized motor imitative
repertoire are more likely to develop speech during PECS training than individuals without a
generalized imitative repertoire. This study also served as a replication of a preliminary study.
Results of both the preliminary study and current study are compared and discussed.
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INTRODUCTION
Individuals diagnosed with autism often demonstrate deficits in speech and
communication, with over 50% of individuals with autism never acquiring functional speech
(Bondy & Frost, 1994; Charlop-Christy, Carpenter, Le, LeBlanc, & Kellet, 2002). “Functional”
speech can be defined as speech which produces meaningful interactions with the environment
or individuals in the environment, is fluent, generalizes across environments and individuals, and
is contextually appropriate (Frost & Bondy, 1994; Schwartz, Garfinkle, & Bauer, 1998). The
types of reinforcement operating on functional speech vary depending on the type of speech, as
described in more detail below. For the speech or any attempt at communication to be reinforced
in a functional manner, there also must be an available “audience”, or listeners, to understand the
communicative attempt and deliver reinforcement (Skinner, 1957).
Speech and communication are important pivotal behaviors that allow individuals with
autism to encounter new environments and contingencies, which lead to greater levels of
learning (Jurgens, Anderson, & Moore, 2009; Koegel, Koegel, Harrower, & Carter, 1999;
Koegel et al., 1989). The acquisition of functional communication skills is associated with
success in learning other important skills, especially more advanced skills that require rulegoverned behavior (Bondy & Frost, 1994).
Verbal Behavior
An understanding of verbal behavior is important for teaching speech and communication
to individuals with autism. The term “verbal behavior” refers to what is typically thought of as
communication: Behavior for which the consequence is socially mediated, or delivered by
another person (i.e. the listener; Skinner, 1957). Skinner (1957) defined several verbal operants:
the mand, tact, echoic, intraverbal, textual, transcription, and copying a text. Each operant is
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functionally defined according to the controlling variables (an “operant” is a unit of verbal
behavior that has an effect upon, or “operates” on, the environment). This section will define
each of the verbal operants and discuss the importance of each one for teaching communication
to individuals diagnosed with autism. Greater attention will be given to the first four verbal
operants, as they are the most relevant to the current studies.
Mand
A mand is a verbal operant that is under the control of a motivating operation and is
reinforced with a stimulus characteristic of the relevant motivating operation (Skinner, 1957). A
motivating operation is an antecedent stimulus that increases the value and effectiveness of a
stimulus as a reinforcer (Michael, 1993). For example, if an individual has not consumed water
for the past ten hours, this condition of deprivation serves as a motivating operation that
increases the value and effectiveness of water as a reinforcer. In such a situation, the individual
may mand for water, and that mand would be reinforced with the receipt of water. Command,
demand, and request are all common terms that are often used interchangeably with the term
mand.
Skinner (1957) suggests that mands should be the first focus of a communication training
program. Mands provide the most direct benefit to the speaker due to the characteristic
reinforcement controlling the mand, as compared to the generalized conditioned reinforcement
that plays a role in the other verbal operants (discussed in more detail below). The more specific
reinforcement controlling the mand relation functions to reduce conditions of deprivation or
aversive stimulation. A mand can be thought of as a tool for obtaining needs and wants.
“Needs” are the most beneficial to obtain, as these can be characterized as unconditioned
reinforcers that are necessary for the individual’s survival, such as food and water. “Wants” can
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be characterized as conditioned reinforcers such as money or attention, which may still be
beneficial for functioning in society.
Tact
A tact is a verbal operant that is controlled by a nonverbal discriminative stimulus and
generalized conditioned reinforcement. The term “tact” refers to what is commonly known as a
“label”. For example, an individual might see a dog and say “dog” as a tact, or label, which
identifies the relevant stimulus.
A tact repertoire is beneficial as it can be used to teach other verbal operants using
transfer-of-stimulus control procedures (described in more detail later; Goldsmith, LeBlanc, &
Sautter, 2007; Partington & Bailey, 1993). A well-developed tact repertoire is also beneficial
because it allows the speaker to communicate about his or her environment, including internal
states such as pain or illness.
Echoic
An echoic response is a response that has point-to-point correspondence and formal
similarity with an antecedent verbal stimulus and is also under the control of generalized
conditioned reinforcement (Skinner, 1957). “Point-to-point correspondence” means the response
is controlled by each component of the verbal stimulus (i.e. the phonemes uttered in the response
match the phonemes in the vocal stimulus for a word such as “cookie”). A response that has
formal similarity with an antecedent stimulus is in the same sense mode as that stimulus (i.e., it is
topographically similar and detected by an observer in the same way, such as visually or aurally).
In the case of the echoic verbal operant, that sense mode is often vocal and auditory (i.e. it is a
spoken stimulus that can be heard).
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An echoic repertoire is beneficial for several reasons (Carr & Miguel, 2011). Echoics,
like tacts, can facilitate the learning of other verbal operants through transfer-of-stimulus control
procedures. Echoics and self-echoics can also be used as mnemonic devices (e.g., when a person
repeats an important number to him or herself before dialing the phone).
Intraverbal
An intraverbal is a response that is preceded by another verbal stimulus and is maintained
by generalized conditioned reinforcement. Intraverbals do not have point-to-point
correspondence with the antecedent verbal stimulus. They may have formal similarity, but this is
not a requirement for classification as an intraverbal. Examples of intraverbals include “fill-ins”
such as “I scream, you scream, we all scream for
“Mary had a little

(ice cream)” or

(lamb)”.

Intraverbals are a major component in typical conversation. For example, many typical
greetings and conversation starters consist of intraverbals, such as the interchange of “hi” and
“hello”. An intraverbal repertoire allows for a wide variety of interactions with others.
Additionally, a person can engage in intraverbal behavior with oneself to solve problems.
Textual
“Textual behavior” refers to behavior that is under the control of a preceding, printed
verbal stimulus and maintained by generalized conditioned reinforcement (Skinner, 1957). The
response emitted is typically of a vocal topography. The vocal response has point-to-point
correspondence, but not formal similarity, with the antecedent verbal stimulus. Textual behavior
is similar to reading, except that comprehension is not a required component of the textual
operant. Textual behavior is a tool skill for reading comprehension, which is an essential skill
for following written instructions and completing work in most typical classrooms.
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Copying a Text
Copying a text is also verbal behavior under the control of a preceding, printed verbal
stimulus and maintained by generalized conditioned reinforcement, but the response form is that
of writing (Skinner, 1957). The written response has both point-to-point correspondence and
formal similarity with the antecedent verbal stimulus.
Transcription
Transcription is verbal behavior under the control of a preceding, vocal-verbal stimulus
and maintained by generalized conditioned reinforcement (Skinner, 1957). The response form is
that of writing. Transcription responses have point-to-point correspondence but no formal
similarity with the antecedent stimulus.
Verbal Behavior Summary
According to Skinner’s (1957) analysis of verbal behavior, each of the above operants is
functionally independent. In other words, the ability to use a given word in the frame of one
operant does not mean an individual will be able to use that word in the context of another
operant. For example, an individual may learn to mand for a Cheeto® in the presence of the
appropriate motivating operation, but this does not mean he will be able to tact a Cheeto® in the
presence of a Cheeto®. This conceptualization has important implications for teaching
communication to individuals with developmental disabilities. If each operant is functionally
independent, then each operant must be explicitly taught.
Special attention can be given to the concepts of autoclitics and autoclitic frames.
Autoclitics are verbal behavior about the speaker’s own verbal behavior (Skinner, 1957). They
may be used to indicate the function (i.e., type of verbal operant) or the strength of the speaker’s
primary verbal behavior. For example, the autoclitics “that is” and “I want” could be used to
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indicate that the word “cookie” is either a tact or a mand, respectively. Autoclitics such as “I
think” or “I doubt” indicate that the speaker’s primary verbal behavior is weak in strength, while
autoclitics such as “I know” or “I am certain that” indicate that it is strong. Autoclitics can also
modify the effect the speaker’s primary verbal behavior has on the listener.
Autoclitic frames can be thought of as a “sentence structure” in which the primary verbal
operants are missing. Once an individual has learned an autoclitic frame, he or she can put a
variety of words into that frame (as opposed to learning each word separately as a verbal operant;
Skinner, 1957). For example, “I want

” is an autoclitic frame in which the “I want”

is an autoclitic indicating that the primary verbal behavior will be a mand. A variety of words
can be inserted into the frame to form a sentence that is also a mand for a particular item. “That
is

” is another example of an autoclitic frame in which “that is” is an autoclitic indicating

that the primary verbal behavior will be a tact.
Many research studies have examined the teaching of verbal behavior and have produced
results that support the hypothesis of functional independence (Goldsmith, LeBlanc, & Sautter,
20007; Grow & Kodak, 2010; Partington & Bailey, 1993; Shillingsburg, Kelley, Roane,
Kisamore, & Brown, 2009). These studies have shown that generalization may occur within a
verbal operant (e.g., an individual learns to mand for a cookie and a chip, and then begins to
mand for crackers), but generalization does not occur across verbal operants (e.g., an individual
learns to mand for a cookie but cannot tact a cookie). Autoclitic frames, as discussed above, may
facilitate generalization within verbal operants, but the issue of generalization across verbal
operants is more complex and will be discussed further in the next section.
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Transfer of Stimulus Control
The functional independence of verbal operants has important implications for teaching
verbal behavior to individuals with developmental disabilities. Teaching each verbal operant
separately is time-consuming and produces slow progress. An important area of research is the
examination of procedures or conditions that can facilitate generalization across the verbal
operants. This would decrease the time required for teaching verbal behavior and increase the
efficiency of such training.
Transfer-of-stimulus control procedures are one method for increasing the efficiency of
verbal behavior training. If an individual demonstrates one verbal operant but is missing others,
procedures that transfer stimulus control from one operant to another can be used to teach the
missing verbal operants. For example, Goldsmith et al. (2007) and Partington & Bailey (1993)
used such a procedure to teach intraverbals. In both studies, a verbal stimulus was presented
(e.g., “what are some toys?”) after which a participant had an opportunity to respond. A picture
was then presented which depicted an answer to the question. All participants could vocally tact
the pictures. Eventually, the pictures were faded out until the participants could respond only to
the verbal stimulus, without the presence of the “tact prompt”. By pairing the picture with a
verbal stimulus characteristic of an intraverbal and then fading the picture, the participants
acquired intraverbals.
Transfer-of-stimulus control procedures have also been used to transfer control from the
echoic to other verbal operants. For example, echoic prompts (i.e., teacher states desired
response and student echoes it) can be used to teach tacts (Barbera & Kubina, 2005). The echoic
occurs in the presence of a nonverbal discriminative stimulus (e.g., a fake apple or a picture of a
cat). Both tacts and echoics are maintained by generalized conditioned reinforcement, so as the
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echoic prompt is faded out, the nonverbal stimulus acquires control of the response and a tact
emerges.
Individuals with little or no vocal-verbal capabilities may need additional assistance in
learning to communicate with others. Such assistance may be provided as a way for individuals
to communicate as they acquire vocal-verbal behavior or it may be a substitution for vocal-verbal
behavior. As individuals learn to vocalize, regardless of whether they require additional
assistance for communication, transfer-of-stimulus control procedures can be used to expand
their vocal-verbal repertoires.
Augmentative and Alternative Methods of Communication
Most teaching procedures that aim to overcome deficits demonstrated by individuals with
autism make use of prompting strategies such as gestures and physical, or hand-over-hand,
prompting (Maurice, Green, & Luce, 1996). Such methods have been successfully used to teach
a wide array of skills, including imitation, matching, receptive identification, and following
instructions. A disadvantage of these methods is that they cannot be used to teach speech.
Teaching procedures for individuals with autism often make use of various prompts, such as
physical prompts. Physical prompts require the therapist to physically manipulate a part of the
student’s body. A therapist cannot physically prompt an individual to use his or her vocal cords
in this manner, as these are an internal mechanism of the body. Additionally, unless speech is
already occurring in some form, the transfer of stimulus control procedures described above may
not be useful for expanding the language skills of an individual with autism. As a result,
augmentative and alternative methods of communication have been developed. These methods
aim to provide individuals without the vocal capabilities to engage in functional speech to still
communicate effectively through physical or manual means. “Augmentative and alternative
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communication” (AAC) interventions are designed to supplement or replace speech as a primary
method of communication. AACs can be aided or unaided (i.e., require materials external to the
body or require no extra materials). Such methods have the advantage of having the ability to be
prompted by others (e.g., imitative, physical, or gestural prompts), which enhances the
effectiveness of teaching procedures.
A systematic review conducted by Schlosser and Wendt (2008) examined the speech
outcomes associated with the use of AACs in children with autism and pervasive developmental
disorder – not otherwise specified (PDD-NOS) demonstrated that the effects of AAC on speech
acquisition are varied. None of the studies examined showed decreases in speech, but some of
the studies did show increases in speech during AAC intervention. AACs examined included
sign language, speech generating communication devices, and the Picture Exchange
Communication System (PECS).
Sign Language
Individuals who learn to communicate via sign language are taught to make a variety of
hand signals or other motor actions to communicate. These signs typically come from American
Sign Language (ASL) or other common sign language or, in the case of individuals who cannot
articulate the signs due to motor deficits, are at least based on such languages. Signs can be
chained together to form sentences so an individual can communicate in a variety of functional
ways. Sign language is a topography-based system of communication in which individuals must
learn a variety of response topographies (the various signs) and discriminate between the
different signs (Ziomek & Rehfeldt, 2008). In other words, a different topography must be
learned for each new “word”. An individual could potentially learn a variety of word types,
including nouns and adjectives, and a variety of verbal operants using sign language.
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Additionally, the individual could learn to form sentences using signs; however, the individual
would have to learn both a variety of response topographies and to chain those different
topographies together to form sentences.
Some individuals diagnosed with autism have deficits in fine motor skills. Sign language
may not be an appropriate form of communication for such individuals, as they may not be able
to articulate signs well enough for the available audience to respond (Ziomek & Rehfeldt, 2008).
Additionally, sign language as an alternative form of communication requires teaching the
listener to understand signs, which severely limits the communicator’s available audience
(Bondy & Frost, 1994; Schwartz, Garfinkle, & Bauer, 1998; Ziomek & Rehfeldt, 2008). The
available audience may be further limited if signs are modified due to fine motor deficits.
Sign language requires a great deal of time to teach to sufficient levels (Bondy & Frost,
1994). Sign language intervention typically consists of imitative prompts or physical prompts.
The use of imitative prompts requires an imitative repertoire, which is lacking in many
individuals with autism. If the individual has sufficient fine motor skills, physical prompts can
be used to assist the individual in forming a sign. Those physical prompts can be faded over
time until the individual can form the signs independently. In addition to learning to form the
sign, they must learn when to use each sign.
Research regarding the effects of sign language training on speech acquisition or speech
use has produced mixed results. DiCarlo, Trickling, Banajee, & Reid (2001) examined the
effects of speech use for children with and without disabilities in an inclusive classroom. The
introduction of manual signing as a method of communication in the classroom did not result in
any change in the level of speech used by students, however; this was a group design with
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individual results averaged within each group, so the individual effects of sign language on
speech use is unknown based on the reported data.
Speech-Generating Communication Devices
Speech-generating communication devices (also known as voice output communication
aids, or VOCAs), are electronic, computerized devices that produce pre-recorded speech. They
are frequently used for manding, although they can be used for other verbal behavior, such as
tacts or intraverbals. Pictures or iconic line drawings of preferred items are typically arranged on
the screen of the device in a grid pattern. The individual can mand or communicate with others
by selecting a picture of a relevant item. When the picture is selected, the device generates a
vocal recording of the name of the item or of a sentence containing that item, such as “I want
bike”. Some speech-generating devices (SGD) require the user to type words or sentences,
instead of selecting pictures. Several SGDs are available on the market including recently
developed applications for electronic devices such as smart phones, iPods®, and tablets.
Most SGDs use a selection-based method of communication in which the user selects
relevant pictures. In a selection-based system, the individual scans the available options and then
selects (e.g., points to or presses) the relevant picture or combination of pictures. In this type of
system, the individual only has to learn one response topography (i.e., point or press) to
communicate a variety of “words”.
Individuals must be taught a variety of skills to successfully use an SGD, including, but
not limited to, button pressing, turning a device on and off, device care skills (e.g., proper storage
and handling), discrimination between pictures, switching between screens on a device, seeking
out their device and accessing the appropriate pictures, and approaching a communicative
partner. A variety of procedures have been used to teach these skills. Teaching procedures may
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include various combinations of behavior chain interruption (Sigafoos, Lancioni, O'Reilly,
Achmadi, Stevens, Roche, Kagohara, van der Meer, Sutherland, Lang, Marschik, McLay, Hodis,
& Green, 2014), response prompting (Achmadi, Kagohara, van der Meer, O'Reilly, Lancioni,
Sutherland, Lang, Marschik, Green, & Sigafoos, 2012), graduated guidance (Sigafoos et al.,
2014), time delay (Sigafoos et al., 2014), discrimination training (Lorah, Crouser, Gilroy,
Tincani, & Hantula, 2014), and differential reinforcement (Achmadi et al., 2014).
Potentially, both adjectives and nouns can be included in the picture grid on the SGD
display, as well as other pictures that may be able to aid in the formation of sentences.
Typically, though, only a limited number of pictures are available on the display, which is
configured by another person. A teacher or other communicative person often configures the
display to contain only certain pictures. This limits the number of pictures available to the
individual using the device, so often only pictures of potential reinforcers are included on the
display, which prevents the individual from requesting other items. Different SGDs vary widely
in the possible display configurations, with some designed to allow individuals to scroll through
a wide variety of pictures and others limiting individuals to only those pictures that can fit on the
screen.
SGDs are programmed to produce different words or sentences when the individual
selects a picture. The available devices vary, but some speech-output is pre-programmed while
others can be programmed to meet the unique needs of the individual using the device. Some
speech-output devices only label the selected item, while others produce entire sentences.
Devices that produce sentences limit the number of verbal operants available, as the sentences
produced often specify the verbal operant through the use of an autoclitic frame, such as “I
want”. It is possible to program some devices so that the user can select a “sentence starter”, or
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autoclitic frame such as “I want” and then select a preferred item to produce a whole sentence,
but this feature is not available on all devices. For some devices containing this feature, the
inclusion of sentence starters in the display reduces the number of pictures of preferred items that
can be displayed.
With the wide variety of devices and features available, it is difficult to select which ones
are the most beneficial for individuals diagnosed with autism or other developmental disabilities.
To date, several different SGDs have been evaluated individually, but there is limited research
available to aid in the selection of a device for a particular individual. Sundberg (1993)
presented a conceptual analysis based on verbal behavior theory to aid in selecting between
typing, pointing, or signing systems, but did not specifically include speech generating devices,
and did not compare the systems in a systematic evaluation. In a systematic review of different
augmentative and alternative communication modalities, Schlosser and Wendt (2008) found
insufficient information about participant-specific variables and could not develop conclusions
regarding which characteristics may be important for success with various communication
systems. Van der Meer and Rispoli (2010) conducted a review of studies focused on speechgenerating devices, and also concluded that the research base is insufficient and more studies are
needed. More recently, Gevarter et al. (2017) evaluated different types of displays available
within one tablet application that functions as a speech-generating device. Results regarding
which type of display had the best outcomes were not consistent across participants. Not all
participants mastered use of the SGD, and those who reached mastery criteria did so using
different displays. The authors hypothesized reasons for the individual differences based on the
types of errors made by participants as well as individual participant characteristics, but did not
empirically evaluate reasons for the individual responses to the different display types.
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As technology advances, communication applications are available that allow a device
such as a smart phone or tablet computer to be used as an SGD. A practitioner or parent must
decide whether to purchase an SGD or a combination of a communication application with the
use of another device, such as a tablet. Furthermore, a decision must be made as to which device
or application is the best. SGDs are varied and expensive, so it is essential to choose an
appropriate system before purchasing it. For example, the SGD Go Talk 20+ costs $249.00 and
the Proloquo2Go application for use with the iPad costs $189.00. The starting cost for an iPad to
use the application on is $299.00, for a total cost of $488.00. In contrast, a communication book
and icons (described in more detail below) can be made at a cost of less than $50.00.
In addition to requiring skills to operate the device, an SGD intervention should also
consist of device care skills. A broken or damaged device leaves the individual without a means
to communicate until the device is repaired or replaced. Additionally, such repair or replacement
may be costly. Therefore, it is important to teach the individual using the device to handle it
with caution, store it appropriately, and prevent it from being lost. It is possible to purchase
protective covers or cases for some devices (i.e., smart phones or tablet computers loaded with
communication applications), but this also adds to the cost of the intervention. It may even be
preferable to have a back-up device or back-up means of communication, such as PECS,
available in case a regularly used device is broken or to use if other technological difficulties are
encountered.
A systematic review conducted by Van der Meer and Rispoli (2010) suggested that SGDs
might be useful for assisting individuals with autism in communicating in other ways. The
majority of the studies examining SGDs focused on manding, but some examined engagement in
conversation, social commenting, and answering yes/no questions. These terms were not further
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defined in the review, but these results indicate that SGDs may be useful for tacts and
intraverbals.
To date, limited data are available concerning the long-term maintenance and
generalization of SGD use (Van der Meer & Rispoli, 2010). Some studies only reported
maintenance and generalization anecdotally. Those studies that did examine maintenance and
generalization directly reported variable results, but indicated that there may be some positive
outcomes in these areas. For example, there is some evidence that the use of SGDs may result in
an increase in the use of speech. Olive, de la Cruz, Davis, Chan, Lang, O’Reilly, and Dickson
(2007) found that enhanced milieu teaching combined with the use of an SGD resulted in an
increase in vocal communication as well as the acquisition of communication with an SGD. The
participants in this study were children diagnosed with autism, but all participants had a history
of other school-based interventions, which also continued during the study. Further details
regarding the content and targets of these other interventions were not provided. This poses a
significant limitation, as it is difficult to confine the results to SGD use alone and it is also
difficult to generalize the results to individuals with autism who have not had a significant
history of prior intervention.
Picture Exchange Communication System
The Picture Exchange Communication System (PECS) is similar to an SGD. Like many
SGDs, PECS teaches individuals functional communication skills using pictures instead of
speech (Frost & Bondy, 1994). Individuals are given a communication binder with strips of
hook-and-loop tape on the front that can hold a variety of pictures. There are additional pages
with hook-and-loop tape within the book to hold additional pictures. A rectangular strip of
plastic, also with hook-and-loop tape on it, is attached to the front of the book to be used as a
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sentence strip. Individuals are taught to assemble pictures on the sentence strip and hand the
sentence strip to a communicative partner. Although the PECS materials do not generate speech
like SGDs, the communicative partner states the name of the item after the individual exchanges
the picture. In this way, the individual is still exposed to the spoken language regarding the
desired item. PECS also differs from a SGD because the individual must actually approach an
adult and give him or her the picture to engage in a communicative response, rather than press a
button or combination of buttons to perform the communicative response.
PECS involves teaching the individual to mand by exchanging a picture of the relevant
item or activity, but also expands on this skill (Frost & Bondy, 1994). Once a student masters
the simple picture exchange taught in Phase 1, the individual learns distance and persistence in
communication during Phase 2. The individual then learns to discriminate between a variety of
pictures in Phase 3. Finally, in Phase 4, the individual learns to construct a sentence that begins
with “I want” using the pictures. Table 1 contains a description of all six PECS phases. PECS
has been found to be an effective method of increasing functional communication for individuals
with autism and other developmental disabilities (Bondy & Frost, 1994; Charlop-Christy et al.,
2002; Ganz, Parker, & Benson, 2009; Ganz, Simpson, & Corbin-Newsome, 2008; Hart & Banda,
2009; Jurgens et al., 2009; Millar, Light, & Schlosser,2006; Schwartz et al., 1998; Tincani,
Crozier, & Alazetta, 2006; Tincani & Devis, 2011).
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Table 1: Phases of the Picture Exchange Communication System
PECS Phase
Phase 1

Training Focus
Teach student communication via basic picture exchange in a mand format.

Phase 2

Teach student to initiate picture exchange with communicative partners
whose attention is diverted or who are not near.

Phase 3

Teach student to discriminate between pictures of non-preferred and preferred
items and between pictures of various preferred items, so that the student can
accurately select a picture representing the relevant motivating operation.

Phase 4

Teach student to construct a sentence using pictures for the autoclitic frame
(sentence starter) and the subject.

Phase 5

Teach student to communicate via picture exchange in response to questions
such as “What do you want?”

Phase 6

Teach student to comment on his or her environment using pictures.

In this manner, individuals can effectively mand, tact, or otherwise communicate a
variety of messages with a variety of people. They can even learn to respond to questions
intraverbally and use adjectives in communication. The use of adjectives, or attributes, is
important because individuals can use them to communicate about an item for which they do not
have a specific picture (e.g., an individual can request a chocolate cookie by combining the
pictures for “black” and “cookie” if he or she does not have a picture of a chocolate cookie).
Through the PECS training system, these skills are broken down and taught in a series of
sequential steps.
Picture systems, including PECS and SGDs, are advantageous because they are easily
understood by the available audience. In contrast to some other AAC systems, such as sign
language, picture systems do not require that the listener be trained in the AAC. A variety of
listeners can easily respond to a picture exchange or the speech generated by an SGD, in contrast
to sign language, which would require that the listener also be trained in sign. The available
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research indicates that PECS may also be learned more quickly than other forms of AAC
(Ziomek & Rehfeldt, 2008).
Another advantage of PECS is that it is a selection-based method of communication,
which means that individuals only have to learn one response topography (i.e., the exchange),
but discriminate among a variety of pictures (Frost & Bondy, 1994, Ziomek & Rehfeldt, 2008).
Additionally, the only motor skills required to complete the exchange are those required to pick
up a picture, reach toward a communicative partner, and release the picture (Frost & Bondy,
1994; Ziomek & Rehfeldt, 2008). Even individuals with fine motor skills deficits are typically
able to master the topography of the picture exchange.
PECS is also relatively inexpensive. A PECS book can either be purchased or made at
home. Pictures can also be easily made at home, either with the use of purchased software, with
pictures found on-line, or with pictures taken on a digital camera. If any damage occurs to the
communication book or a picture, it can be fixed or replaced quickly and inexpensively.
AAC Summary
Although this is not an exhaustive list of AAC methods, other methods are based on or
borrow from the three methods discussed here. Table 2 provides a summary of these three AAC
methods.
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Table 2: Comparison of Types of Augmentative and Alternative Communication
Sign Language

Speech Generating
Communication Devices
Individual types a
message or selects
pictures. The device
generates an auditory
message for the listener.

Individual exchanges
pictures with a
communicative partner.

PECS

Description

Individual uses signs
formed with their hands
to communicate with a
listener.

Topographyor SelectionBased
Cost

Topography-based
system.

Selection-based system.

Selection-based system.

Inexpensive, but may
cost money for
family/other listeners to
take class to learn sign
language.

Expensive ($249.00 and
up).

Inexpensive (less than
$50).

Pre-requisite
skills

Gross and fine motor
skills, discrimination,
imitation.

Varies depending on
device: device care
skills, fine motor skills.

None reported, but may
include discrimination
and matching-to-sample;
these skills can also be
taught during PECS
training.

Audience
Training
Required?
Portability

Yes.

No.

No.

Requires no excess
materials.

Some devices may be
cumbersome to
transport, but mobile
applications may
increase portability.

A strap can be added to
an individual’s
communication book to
make it easy to carry.

Reliability

No risk of breaking or
losing a device or other
materials.

Materials are durable
and are easy and
inexpensive to replace if
damaged.

Effects on
Speech

Research has been
inconclusive.

Could break or become
damaged, in which case
an individual may need
a back-up system of
communication; may be
expensive to fix or
replace.
Some research shows
speech gains during
SGD use.
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Some research shows
speech gains during
PECS use.

In a systematic review by Schlosser and Wendt (2008) a Percentage of Nonoverlapping
Data (PND) was used as a measure of effectiveness of speech acquisition during AAC
intervention. The included single-subject research designs that examined PECS yielded a mean
PND of 95.2%, which is considered highly effective, although the range varied from 0 to 100.
Mean PND data were not reported for sign language or speech generating devices, as the
included studies were too dissimilar, but two included studies compared speech acquisition for
both PECS and sign training. One of these two studies produced a PND of 100 for both
interventions, but the second study produced a mean PND of 86.5% for PECS and 80% for sign,
indicating that the PECS intervention may have been more effective in producing speech.
Picture Exchange Communication System (PECS) - Research
A rich literature base supports gains in speech during PECS training (Charlop-Christy et
al., 2002; Ganz et al., 2009; Ganz et al., 2008; Hart & Banda, 2009; Jurgens et al., 2009; Millar
et al., 2006; Schwartz et al., 1998; Tincani et al., 2006; Tincani & Devis, 2011). A variety of
literature reviews and meta-analyses have been conducted that surveyed the available literature
examining the implementation of PECS and speech gains. This section will briefly discuss the
findings of those literature reviews and meta-analyses and then review select individual studies
in greater detail.
Although speech gains did not occur for all participants in the reviewed studies and the
level of speech acquired varied between participants, most of the participants who did improve in
speech level demonstrated the largest gains during Phase 4 of PECS training. Some participants
showed beneficial speech gains during Phase 3, but this was not as common as speech gains
during Phase 4. It is important to examine these speech gains and potential contributing
variables for several reasons. If speech acquisition can be gained through PECS training, then
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PECS may prove to be an even more advantageous intervention for individuals with autism and
developmental disabilities than previously thought. Determining variables that contribute to
speech gains will allow practitioners to capitalize on the use of these variables during training to
maximize the benefits of PECS. Practitioners can train PECS use as a short-term method of
communication while simultaneously using PECS as a springboard to increase speech and begin
training other vocal-verbal operants.
The literature reviews and meta-analyses also provide information regarding the types of
dependent variables examined in PECS studies. Much of the existing literature examines the
efficacy of PECS training in producing functional communicative behaviors via picture
exchange, such as mand acquisition and social initiations (i.e., the beginning of a communicative
exchange, or conversation, with another person; Charlop-Christy et al., 2002; Ganz et al., 2009;
Ganz et al., 2008; Hart & Banda, 2009; Jurgens et al., 2009; Millar et al., 2006; Schwartz et al.,
1998; Tincani et al., 2006; Tincani & Devis, 2011). The primary measure is typically whether
the participants learned to mand using pictures. Measures of speech are often secondary (i.e., are
taken as an extra benefit measure) and most studies have only examined whether or not increases
in speech occurred.
Previous investigations have examined increases in vocalizations or vocal
approximations to determine if total speech increased, but did not examine the mechanism of or
prerequisite skills for speech acquisition during PECS or whether or not the acquired speech is
used in a functional manner (Carre, Grice, Blampied, & Walker, 2009; Ganz et al., 2008; Ganz et
al., 2009; Tincani et al., 2006). Further, these studies did not classify occurrences of these
behaviors by function or verbal operant. Many studies also examined the mean length of
utterance, which is a measure of the average number of words or morphemes (i.e., meaningful

21

units; this response definition varied across studies) an individual states at one time. A
measurement of this variable can help determine whether an individual’s speech repertoire is
increasing, but does not demonstrate whether those utterances are functional.
The limitations of the available PECS research just described are concerning for several
reasons. It is important to distinguish between mere vocalization and functional vocal-verbal
behavior to determine if any increases in speech are beneficial for the individual. For example,
vocal mands are beneficial because they allow the individual to obtain a variety of needs and
wants from a large audience and echoics are beneficial because, once an individual has an echoic
repertoire, a teacher can use echoic prompts to aid in the acquisition of other vocal-verbal
operants. Examination of the mechanism of speech acquisition, or the behavioral procedures
included in PECS which lead to speech gains, as well as an examination of pre-requisite skills
for speech gains during PECS have practical implications. With such information, practitioners
can arrange an individual’s curriculum so PECS can be used to communicate in the short-term
while the individual simultaneously learns to use speech. In other words, PECS would give the
individual a means to communicate before he can do so with speech, while also promoting the
acquisition of speech that can later be used in a functional manner.
Although the purpose of PECS is to teach functional communication skills, speech is
never a requirement during training. Therefore, skills that are possible pre-requisites for speech
are not considered to be pre-requisites for PECS. As a result, these skills, including imitation,
are not typically taught prior to PECS training. Since they are not considered to be pre-requisite
skills, information about imitative repertoires or skills other than speech and communication for
participants is reported in only a few studies. For example, Charlop-Christy et al. (2002)
reported that one participant possessed prior echoic behavior and two participants made attempts
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to imitate vocal models. However, the researchers failed to define the attempts clearly or specify
whether the participants could imitate motor movements. Ganz et al. (2008) and Jurgens et al.
(2009) also reported pre-intervention vocal imitation repertoires, but did not specify whether
those participants could also imitate motor movements. Ganz et al. (2009) reported that one
participant demonstrated echolalia prior to intervention, but did not further describe that
participant’s imitative repertoire or any information regarding imitative or echoic repertoires for
the remaining two participants.
Some studies have reported participants’ baseline levels of speech and other forms of
functional communication, which provides some information about the echoic, or vocal
imitation, repertoires of the individuals in those studies; however, often this information is
limited and the type of information provided is not consistent across studies. Additionally,
several studies did not report any information about other pre-intervention repertoires.
Therefore, based on the available information, a definitive conclusion regarding the role of any
of those repertoires in speech acquisition during PECS training cannot be formed. The
remainder of this section will describe some of the current literature regarding PECS and speech
in greater detail to highlight the information that is currently available, as well as the limitations
that could be addressed through future research.
Charlop-Christy, Carpenter, Le, LeBlanc, and Kellet (2002) measured the acquisition of
spontaneous and imitative speech during PECS training for three children diagnosed with autism,
ranging in age from three-years and eight-months to twelve-years old. Prior to PECS training,
all three communicated non-verbally (e.g., gestures), but one could imitate utterances of up to
three-words in length. The authors reported that the other two participants made attempts to
imitate vocal stimuli, but did not further define such attempts. During PECS training,
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spontaneous and imitative speech were measured in a multiple baseline design across
participants. Five opportunities for each type of speech were presented during ten-minute free
play and academic conditions. Spontaneous speech was defined as speech that occurred in the
absence of vocal prompts or stimuli, and imitative speech was defined as echoic speech. The
therapist held up a desired object and waited ten seconds for the child to respond to provide
programmed opportunities for spontaneous speech to occur. Opportunities for imitative speech
were presented in the same manner, except the therapist also made a vocal statement describing
the object. The objects used during free play and academic conditions were usually different
from those used during PECS training, although the authors did not specify how often the objects
were the same. Data were reported as percentage of trials for which either type of speech
occurred. All three participants mastered PECS (i.e., responded correctly and independently to
80% of opportunities presented within a block of trials) and demonstrated significant gains in
both types of speech near the end of PECS training and during post-training sessions. Increases
maintained during follow-up measures that occurred after one year for one participant.
The Charlop-Christy et al. study (2002) demonstrated that children already in possession
of an echoic or imitative repertoire demonstrated gains in speech during PECS training, even
though the echoic repertoire was limited for at least two participants. These findings are not
conclusive, however, because it is not possible to compare the speech acquisition of these
children with the speech acquisition of children who do not possess echoic or imitative
repertoires. Another limitation of this study is the lack of data regarding vocalizations that
occurred outside of pre-defined opportunities. It is possible that the therapist holding a preferred
object within the participant’s field of vision may have become a discriminative stimulus for
engaging in speech. That is, the sight of the object may have acquired control over vocal speech
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so that the participant would not be able to engage in speech in the absence of that discriminative
stimulus. Speech acquisition in this study may also have been facilitated by the inclusion of a
post-exchange delay procedure in Phases 4 and 5 of PECS, which is also when the authors
reported the greatest gains in speech. In the post-exchange delay procedure, the trainer paused
for a brief, pre-defined period of time (the exact length of time was not specified in the study)
after he or she received a picture card from a participant. The reinforcer was not delivered until
the end of the delay period, unless the participant emitted a vocalization appropriate for the
requested item. Therefore, the participant received the reinforcer more quickly if he or she
vocalized during the delay, but had to wait until the end of the delay to receive the item if he or
she did not vocalize.
Jurgens, Anderson, and Moore (2009) used a changing-criterion design to examine the
effects of PECS training through Phase 4 on PECS mands, vocal mands, verbal initiations other
than mands, and mean length of utterance (MLU) for a three-year and seven-month old boy
diagnosed with autism. Prior to PECS training, he demonstrated echolalia and unintelligible
speech, but little functional communication. All training sessions were conducted at home and
were immediately followed by fifteen-minute free play sessions, during which the observers
measured occurrences of the dependent variables. Generalization probes were conducted in the
child’s kindergarten classroom and resembled the free play sessions. The participant mastered
the first three phases of PECS and began Phase 4 training, but did not reach mastery criteria for
that phase due to time constraints of the study. An increase in vocal mands was exhibited during
Phase 2 training, but the greatest gains were evidenced during Phase 4 training. Verbal
initiations other than mands were variable throughout the study and did not appear to increase
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substantially. The participant did demonstrate an increase in the observed number of words in
his vocabulary and in his mean length of utterance.
This study suggests that PECS may be beneficial in producing increases in vocal mands,
mean length of utterance, and spoken vocabulary. The participant in this study did demonstrate
echolalia of full words and phrases prior to participation in the study, which may have facilitated
the learning of new words and the acquisition of vocal mands if he echoed the therapist during
PECS training. Only one participant was used in this study, however, and other skills in his
repertoire were not specified. The study only examined if increases occurred in the participant’s
speech repertoire and did not examine possible variables related to those increases.
Ganz, Simpson, and Corbin-Newsome (2008) measured the effects of PECS training
(through Phase 4) on the frequency of intelligible spoken words and spoken word
approximations in a multiple-baseline design for three pre-school aged children diagnosed with
autism. The first participant demonstrated a limited echoic repertoire prior to training. His word
approximations and intelligible words decreased at the beginning of PECS training, but increased
again during Phase 4 of training. Intelligible words increased beyond baseline levels. The other
two participants did not demonstrate an echoic repertoire prior to training (information about
other repertoires was not reported). Of these two, one participant demonstrated zero word
approximations and intelligible words during baseline, but did demonstrate a small increase
during Phase 4 training (he emitted word approximations during 1% of Phase 4 trials and
intelligible words during 0.01% of Phase 4 trials). Data collection for the third participant was
discontinued due to difficulties experienced during PECS training.
It is possible that the first participant would have displayed greater increases in speech if
his prior echoic repertoire were more developed. It is also interesting to note that the second
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participant, who did not demonstrate any prior echoic speech, demonstrated only non-significant
gains in speech. The authors of the study reported in their discussion that most of the speech
demonstrated was imitative in nature, and that non-imitative speech was not demonstrated until
the vocal model was faded near the end of Phase 4 training. It is possible that the motivating
operation controlling the PECS exchange came to exert some level of control over the imitative
speech, leading to more spontaneous speech once the vocal model was faded. However, the
authors did not specify if the non-imitative speech was emitted as mands. Additionally, only two
baseline data points were collected for each participant and one participant did not finish the
study, which limits the confidence in the authors’ findings.
Ganz et al. (2009) examined the effects of PECS training on picture exchange, intelligible
word use, word approximations, and engagement in maladaptive behavior for three children
diagnosed with autism. The participants ranged in age from three years and two months to five
years and six months. One participant demonstrated immediate and delayed echololia prior to
the study, but information was not provided regarding echoic repertoires for the other two
participants, and information regarding other skill repertoires was lacking. The study employed
a multiple baseline-probe design with a staggered start across participants. Participants were
only taught Phase I of PECS as outlined in the PECS Training Manual (Frost & Bondy, 1994).
Probes were conducted after the first ten five-minute training sessions. If a participant did not
meet criteria for mastery, which was the independent exchange of five different pictures during
one probe session, two additional PECS training sessions were conducted prior to the next probe
session. Probes were identical to Phase 1 training methods, except no prompts were provided for
incorrect responding. During probes, picture exchange, word use, and engagement in
maladaptive behavior were measured. Word use was only recorded if the vocalization
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corresponded to the item requested during the exchange, indicating that the spoken words may
have been mands; however, they may have been at least part tact since the relevant item was
typically present and in view during the exchange. The authors reported that they recorded both
independent and echoic words, but separate data were not provided for each.
All participants in the Ganz et al. (2009) study met criteria for mastery of Phase 1 of
PECS. Two of the three participants demonstrated an increase in word usage. The participant
who did not demonstrate an increase in speech was also diagnosed with speech impairment in
addition to autism. During maintenance and generalization probes, participants continued to
vocalize at levels higher than baseline, although not as high as during treatment probes. This
study was unique in that speech gains were demonstrated during Phase 1. Most other studies
report gains during Phase 4 (Ganz & Simpson, 2004; Tincani et al., 2006). A future replication
might examine whether further increases would be demonstrated if training was extended
through Phase 4 and whether there is a correlation between speech gains and other skill
repertoires.
Tincani, Crozier, and Alazetta (2006) found that one participant (out of two included in
the study) demonstrated increases in speech during Phase 4 of PECS training when a three- to
five-second delay was included after the picture exchange. Speech measures included word
vocalizations (i.e., name of the item requested in the PECS exchange) and vocal approximations
(i.e., approximation of the name of the item requested). If a participant vocalized prior to the end
of the delay, he received reinforcement immediately. Otherwise, the reinforcer requested in the
picture exchange was not received until the end of the delay. In a follow-up study with another
participant, an ABAB design was used to examine the effects of the delay with reinforcement on
speech production. “A” phases consisted of PECS Phase 4 procedures with no reinforcement for
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speech. “B” phases consisted of Phase 4 procedures with a three- to five-second delay and
reinforcement for speech. Vocalizations increased greatly during the “B” phases but rarely
occurred during “A” phases. The study did not report on the prior imitative or echoic repertoires
of any participants. The only vocalizations recorded were those that named or approximated the
name of the item requested in the PECS exchange. Data on vocalizations were not recorded
outside of the PECS training sessions. Furthermore, these data were only recorded when the
preferred item was presented to, or held in front of, the participant. It is possible that those
vocalizations were echoes of the trainer’s label of the item and that the mands emerged as a
result of the transfer of stimulus control from the variables controlling echoics to the variables
controlling mands. While this transfer may have occurred, the study did not provide data
regarding whether vocalizations were mands or echoics. Additionally, the study did not describe
whether these vocalizations occurred outside of contrived mand opportunities (i.e., it is unknown
whether spontaneous mands occurred or if they only occurred in the context of the PECS
exchange). Other similar research studies (Carre et al., 2009; Ganz & Simpson, 2004; Schwartz,
Garfinkle, & Bauer, 1998) have been conducted demonstrating the acquisition of speech during
PECS training. Data from all available studies indicate that many individuals acquire speech or
expand their speech repertoire during PECS training. Furthermore, these studies indicate that
when speech emerges or when increases in speech occur, it typically happens during Phase 4 of
PECS training. The available research also supports time delay as an effective procedure for
promoting the use of speech during Phase 4.
There are several limitations found throughout the PECS research base. Most studies
measure whether or not gains in speech occur during PECS training, but not possible reasons for
those gains (Carre, Grice, Blampied, & Walker, 2009; Charlop-Christy et al. 2002; Ganz et al.,
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2008; Ganz et al., 2009; Jurgens et al., 2009; Schwartz et al. 1998; Tincani et al., 2006). Also,
most studies only measure dependent variables such as vocalizations, vocal approximations, or
mean length of utterance, not whether the speech served the function of one of the verbal
operants (Carre, Grice, Blampied, & Walker, 2009; Ganz et al., 2008; Ganz et al., 2009;
Schwartz et al. 1998; Tincani et al., 2006). While these measures are useful for determining the
extent of gains in speech, they do not reveal whether those gains are functional. In other words,
they do not tell if the participants learn to use speech as a form of functional communication or
whether their use of speech is echolalic or self-stimulatory in nature.
The current literature reveals many gaps, including the role previously existing
repertoires may have on performance and speech acquisition during PECS training. Several
repertoires may exist, but pre-learner repertoires, such as imitation, may be an appropriate
variable for initial examination. Such repertoires have been demonstrated to have widespread
effects on a variety of other important behaviors, including communication and academic skills.
Imitation - Research
Imitation occurs when an individual emits behavior that has formal similarity and pointto-point correspondence with a model presented by another person. The behavior must occur
within a few seconds after the model. Imitation is generalized when an individual can
demonstrate imitation of models that have not been explicitly trained, provided he or she has the
prerequisite skills to engage in the same motor actions (Cooper, Heron, & Heward, 2007). A
generalized imitative repertoire can be advantageous for training new skills not yet in an
individual’s repertoire, such as play or communication skills (Cooper et al., 2007).
Individuals with autism typically have deficits in their imitative repertoire, compared to
typically developing peers (Stone, Ousley, & Littleford, 1997). Links have been found between

30

imitation and expressive language development (including speech) in individuals, both those
with and without the diagnosis of autism. Stone et al. (1997) found that both the body imitation
score (i.e., a measurement of a child's success at imitating physical actions without objects) and
the total imitation score (i.e., a measurement of a child's success at imitating a variety of models,
including physical actions alone and physical actions involving the manipulation of objects) on
the Motor Imitation Scale could be used to predict expressive language repertoires (i.e., speaker
repertoires) in individuals diagnosed with autism. Future research should examine the
relationship for causal links between imitation and language. For example, such research could
look for potential transfer-of-stimulus control-type links between imitation and language use.
Ross and Greer (2003) examined the effects of a rapid generalized motor imitation
sequence on echoic behavior and mand acquisition. Prior to intervention, participants did not
emit any functional speech. Participants were trained to emit a variety of large motor (e.g., clap
hands) and small motor (e.g., touch nose) imitative actions. During mand training, a participant
was instructed to perform a sequence of these imitative actions in rapid succession, immediately
followed by a vocal model. The vocal model was paired with a particular reinforcer presented in
front of the participant, and was followed by a five-second delay. The reinforcer was delivered
at the end of the five-second delay. Imitation of the vocal model resulted in receiving the
reinforcer immediately. In other words, echoing the model resulted in receiving the type of
reinforcement that is typically contingent on mand behavior (echoics, by definition, are
reinforced by generalized conditioned reinforcement; Skinner, 1957). As training continued, the
rapid generalized motor imitation sequence was faded out until eventually the participants were
effectively manding for preferred items.
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All participants in this study acquired a generalized imitative repertoire and a vocal mand
repertoire. Furthermore, vocal mands remained high at three-month follow-up for three of the
participants (follow-up probes were not conducted for the other two participants due to time
constraints, as they had joined the study later than the first three). The authors hypothesized that
stimulus control may have transferred from the echoic to the mand operant, which may have
resulted in the acquisition of unprompted vocal manding. Transfer of stimulus control may have
occurred due to the presence of a motivating operation during the vocal imitation, or echoic,
trials. The motivating operation could have developed control over the vocal response until the
participant could use that vocal response as a mand. This suggests that there may be a link
between an imitative repertoire and increases in vocal-verbal behavior; however, no direct tests
were conducted to verify that the final target response, stating a word corresponding to a
presented object, was under the control of a motivating operation. It is also possible the
presentation of the object became a discriminative stimulus for the response, and that the
response was therefore under the control of the presentation of the object. If the participant
emitted the target response in conditions in which the object was not present, this could provide
supporting evidence for the hypothesis that the final response form was a mand.
The Ross and Greer study has one major limitation: The rapid generalized motor
imitation sequence followed by a vocal model is also a high-probability request sequence. A
high-probability request sequence consists of rapidly delivering requests with which the
individual has a history of compliance, or high-probability requests, followed by one request
with which he or she has a history of noncompliance, or a low-probability request (Cooper et al.,
2007). High-probability request sequences have been found to be an effective method for
increasing the probability of a correct response to a low-probability request (Mace et al. 1988).
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Theoretically, they work by establishing a high rate of responses falling within a response class
called “compliance”, and those responses are reinforced (Nevin, 1996). This results in
compliance being more likely to occur when the low-probability request is delivered (Nevin,
1996). According to this view, the low-probability request is not a request for a behavior from a
separate response class; rather, it is a higher-effort behavior from the same response class of
compliance (Nevin, 1996).
In Ross and Greer (2003), the rapid presentation of instructions to imitate motor
responses was also a presentation of high-probability requests, and the vocal model was a lowprobability request. Based on the results of this study, it cannot be determined whether the
inclusion of motor imitation responses in the high-probability request sequence is crucial for
obtaining the results, or if a high-probability request sequence alone would have been sufficient
to produce vocal imitation. It may be possible to answer this question if a replication was
conducted in which a response type other than motor imitation was used in the high-probability
request sequence. If the use of a high-probability request sequence, with or without motor
imitation tasks included as the high-probability requests, is sufficient to induce first instances of
vocal imitation, then the procedures used in this study could be simplified. Rather than training
motor imitation, behaviors already in an individual’s repertoire could be used as the highprobability responses, while the low-probability response would remain a vocal imitation task.
Regardless of the procedures through which initial vocal imitation was achieved, transfer-ofstimulus control procedures could be implemented to teach vocal mands. A test of this sort
could either strengthen or weaken the link other research has found between motor imitation and
the development of spoken language.
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Ryan (2007) taught a variety of imitative actions to children with autism using a least-tomost prompting strategy. Each action taught was associated with a particular reinforcer. For
each trial, the reinforcer was first presented within the child’s sight. Then the experimenter
modeled an action (e.g., touching his cheek) while saying “do this”. Receipt of the reinforcer
was contingent on imitation of the modeled action within three seconds of the instruction to
imitate. If the participant did not imitate, he was prompted to do so and then given the
reinforcer. This method paired the motivating operation and reinforcement typical of a mand
with imitation training. Children not only learned to imitate the actions, but eventually began to
perform the actions immediately when the reinforcer was presented, before the experimenter
modeled the action and provided the “do this” instruction. Thus, the researcher hypothesized the
participants had learned to mand for the reinforcers associated with each imitative action by
performing that action in the absence of an instruction to do so. However, because the action
was only engaged in when the reinforcer was presented, it is possible the display of the
reinforcer became a discriminative stimulus for the response, and that the response was not
actually under control of a motivating operation, and therefore was not a mand. To test whether
the action was a mand, it would be necessary to manipulate the motivating operations, or to test
whether the action occurred when the item was not immediately observable.
This study demonstrates that imitation may be used to teach manding behavior and that
control of a response may be transferred so that an imitative action becomes a communicative
response. Although this study did not directly study transfer of control from an echoic response
to a mand response, it is possible that similar results would be obtained if a vocal model and
echoic response were used in place of a motor action and imitative response. This would support
Ross and Greer’s (2003) hypothesis that a rapid generalized motor imitation sequence followed
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by an echoic response can result in the emergence of vocal mands through transfer of stimulus
control.
PURPOSE OF STUDY
The two studies described next examined the impact of having a generalized imitative
repertoire on the acquisition of speech during PECS training. Individuals with generalized
imitative repertoires may be more likely to echo the trainer’s spoken label of an icon during a
communicative exchange. Imitation is similar to echoic behavior, except that it involves a
physical response with formal similarity and point-to-point correspondence with a physical (not
vocal) model. The first study was conducted as a pilot to the second study.
This study aimed to extend the current body of literature concerning speech acquisition
and PECS by examining whether individuals who demonstrate a generalized imitative repertoire
prior to PECS training were more likely to develop speech, or to do so at higher levels or at a
quicker rate, than individuals without a generalized imitative repertoire. Speech measurements
focused on functional modes of speech relevant to PECS and the research question, as well as on
total speech and variation within speech. Functional modes of speech are those that produce a
change in the environment that may be beneficial for the learner. The functional forms of speech
relevant to this study were echoics and mands. Echoics are relevant because there are many
opportunities to echo the name of the item being requested during PECS training, and mands are
relevant because that is the mode of communication that was be taught using PECS. Other
speech measures, such as total frequency of vocalizations, were also obtained to help determine
whether an individual’s overall speech repertoire increased during PECS training. The research
questions this study attempted to address are:
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1) What are the effects of imitation training on the acquisition of speech during PECS
training in individuals diagnosed with autism?
2) Does a generalized imitative repertoire facilitate the acquisition of speech during PECS
training in individuals diagnosed with autism?
STUDY 1 METHODS AND RESULTS
Participants
Participants were recruited from a local intermediate school district. Inclusion criteria
included a diagnosis of autism and an age of five years old or younger. This age range was
selected based on the current research, and based on the ages at which individuals typically
received applied behavior analysis services in the state of Michigan at that time. Individuals
with a generalized imitative and/or echoic repertoire, functional verbal behavior, or prior training
in the Picture Exchange Communication System (PECS) or other alternative/augmentative
communication systems were excluded.
A Verbal Behavior Milestones Assessment and Placement Program (VB-MAPP) was
conducted prior to an individual's inclusion in the study to determine if any of these skills
already existed in their repertoire. If such an assessment had already been conducted by the
school within the past 3 months of the referral to the study, these results were used in
conjunction with other available records to determine the individual's existing repertoire, instead
of conducting a new assessment. If results of the skills assessment indicated the participant was
not in need of mand or imitation training, he or she would have been excluded from the study.
There were two participants, Marty and Sabrina. Table 3 describes each participant in
further detail, including which skills trainings the participant received for the study (both
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imitation and PECS or PECS only). This assignment was based on recommendations from
school personnel.
Table 3: Study 1 Participants
Age at Study Start
Marty

5 years

Lacey

3 years

VB-MAPP Profile
at Study Start

Assigned Training
Sequence

Low Level 1 (few
echoics, imitative
actions, or
spontaneous
vocalizations, and
no mands)
Low Level 1 (no
mands, echoics, or
imitative actions,
and few
spontaneous
vocalizations)

Imitation, then
PECS

PECS only

Duration of
Participation in
Study
1 year, 1 month

1 year, 5 months

Materials
Materials consisted of a variety of highly-preferred items and non-preferred items for
each participant. These items were identified by a preference assessment, as described below.
Each participant also had a communication book with a sentence strip and a variety of pictures
symbolizing their preferred and non-preferred items, as well as an “I want” picture. Each
communication book consisted of a mini three-ring binder. The book was rotated horizontally,
with the spine at the top, and four strips of hook-and-loop tape, 1.905 centimeters (.75 inches) in
width, attached vertically to the front of the book to hold pictures. Each strip started
approximately one centimeter below the top of the book and ended approximately one centimeter
above the bottom of the book. Additional pages inside each book were also affixed with hookand-loop tape to hold additional pictures, if needed. Each of these additional pages was created
by laminating half a sheet of standard-sized cardstock (21.59 centimeters by 27.94 centimeters),
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laminating it, and attaching strips of hook-and-loop tape to it in the manner described above. A
rectangle made from a piece of laminated cardstock, one-fourth the size of the standard cardstock
described above, was attached horizontally to the bottom of the front of the book with hook-andloop tape. This rectangle strip also had a strip of hook-and-loop tape, with one centimeter of
blank cardstock left at each end of it, across the front of it and served as a sentence strip.
Pictures were 5.08 x 5.08 centimeter (two-by-two-inch) square pieces of laminated cardstock.
Hook-and-loop tape was attached to the back of all pictures so that they could be attached to the
communication book. Other necessary materials included data sheets and a pencil or pen.
Setting
Initial sessions for both participants were conducted in a semi-private area of their
classroom containing a table and chairs. Materials necessary for each session (i.e., PECS book
and reinforcers) were also present. Sessions were conducted in this setting for approximately
three-and-a-half months. During the summer break, sessions were conducted in the living rooms
of each participant’s home. Each living room contained two couches, a coffee table, a television,
and assorted other toys and items typically found in such a room. At the end of the summer
break, Lacey’s sessions were again conducted in the classroom, but Marty’s sessions continued
to be conducted in his home.
Independent Variables
The independent variables consisted of physical imitation training and PECS training.
Imitation training involved teaching participants to copy a physical action modeled by another
person by engaging in that same action. PECS training involved teaching participants the first
four phases of PECS. A complete description of these training procedures can be found in the
Procedures section below.
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Dependent Variables and Data Collection
The dependent variables were echoics, vocal mands, other vocalizations, spoken sounds,
and spoken words. Data on these variables were collected during probes after every five
imitation or PECS training sessions, and during baseline and follow-up sessions. Frequency data
were recorded on all dependent variables using the data sheet in Appendix A. Each session was
divided into 30-second intervals on the data sheet. Frequency of each dependent variable was
recorded for each interval to promote more accurate data collection and interobserver agreement,
as described below.
Echoics were defined as any vocalization that immediately followed (within five
seconds) a vocal word, phrase, or statement made by the experimenter and that had formal
similarity and point-to-point correspondence with the experimenter’s vocalization. This included
repetitions of the name of a preferred item, if the repetition occurred within five seconds of the
experimenter stating the name of the item. Echoics were converted to a rate-per-minute for
graphing.
Vocal mands were defined as any vocalization that did not immediately follow a
vocalization made by the experimenter within five seconds or, if it did follow, did not have
point-to-point correspondence with the vocalization. Additionally, a vocal mand had to be under
the control of a motivating operation. Motivating operations are not observable and were instead
defined according to whether or not the participant accepted and interacted with the item or
activity that was the object of the vocalization. Vocal mands were converted to a rate-per-minute
for graphing. Additionally, the topography of each mand was recorded, and the cumulative
number of unique vocal mands for each participant throughout the study was also graphed.
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Other vocalizations were defined as any utterance made by the participant that did not
qualify as either an echoic or a vocal mand as defined above. Instances of other vocalizations had
to be separated by at least 3 seconds to count as two different instances. Other vocalizations
were recorded to a rate-per-minute for graphing.
Spoken words were defined as any sequence of speech sounds that forms a word from the
English dictionary. Words emitted as mands were counted as both a word and a mand. The
cumulative number of unique words per participant was graphed.
Spoken consisted of single units of sound, or phonemes, and were recorded using a
phonetic alphabet, which can be found in Appendix B. These data were used to construct
cumulative graphs of the different number of unique phonemes for each participant.
Data were collected during imitation tests and training on whether each response was
prompted or independent, as described in the imitation procedures below. A line graph was used
to plot and analyze imitation data after each session.
Data were also collected on each PECS exchange made during training as outlined in the
Picture Exchange Communication System Training Manual (Frost & Bondy, 1994). Data on
PECS performance consisted of recording the level of prompt provided for each picture
exchange trial, as described in the PECS training procedures. A line graph was used to display
and visually analyze PECS performance. All data were graphed and analyzed immediately after
each session. In addition to recording PECS exchanges during training, the number of
spontaneous PECS exchanges, as defined in the Picture Exchange Communication System
Training Manual, was recorded during probes and converted to a rate-per-minute for graphing.
Time the participant spent engaged with the reinforcer was counted as part of the total session
time, and total session time was used to calculate the rate-per-minute measure.
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Research Design
A changing conditions design was used for each participant (Alberto & Troutman, 2013).
An ABACA design was used for Marty, in which A refers to the baseline conditions and followup, B refers to imitation training, and C refers to the four phases of PECS training combined.
Using the same letter designations, an ACA design was used for Lacey.
Procedure
Summary
Participants were first tested for a generalized imitative repertoire, as described below.
Participants with a generalized imitative repertoire were excluded from the study. Excluding
individuals with an imitative repertoire and conducting imitation training as part of the study
helped to ensure that the imitation training process was the same for all individuals participating
in the study.
Marty received imitation training first, and imitation training continued until he
demonstrated a generalized imitative repertoire, or the ability to imitate a novel model even
though imitation of that model had not been reinforced in the past. The presence of a generalized
imitative repertoire was checked during probes conducted every two weeks throughout the study,
as described in more detail below. PECS training only commenced after he demonstrated a
generalized imitative repertoire in one of these probes. Lacey only commended PECS training
immediately after baseline and did not receive imitation training, but she also had imitation tests
every two weeks. PECS training for the first four phases of PECS was conducted according to
the Picture Exchange Communication System Training Manual (Frost & Bondy, 1994).
A flow chart of the study procedure process can be found in Appendix C.
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Imitation Testing
Prior to beginning the study, all participants were tested for an existing imitative
repertoire. Individuals who demonstrated an ability to imitate were excluded from the study.
This ensured that imitation training was the same for all participants.
Imitation testing sessions started with a few minutes of play to help the participant feel
comfortable with the experimenter. The experimenter then presented a variety of models paired
with the vocal instruction “do this” to assess for imitative responses under the control of a
conditional discrimination. Models included ten total gross motor and fine motor actions, and
actions modeled varied across repetitions of the test for each participant. Each action was tested
twice to verify the outcome of each action tested. For each trial, data were recorded on whether
the participant independently and correctly imitated the model (I), did not imitate (-), or did not
imitate but engaged in aberrant behavior (A). The data collection form can be found in
Appendix D.
To avoid the potential for learning to occur during testing, programmed consequences
were not made contingent on correct or incorrect responding. Instead, the tester stated "okay" in
a neutral tone of voice after each trial regardless of whether the response was correct or
incorrect.
This test was repeated every two weeks throughout the study for both participants, but
with different actions tested each time. The test was also conducted at least three times during
each baseline phase, to ensure reliability of test results before introducing training on a new skill.
Baseline
Baseline sessions were fifteen minutes in duration. During baseline, the participant’s
preferred toys were in the experimenter’s possession (i.e., out of the participant’s reach but
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within sight). The experimenter was seated in a chair at the table and interacted with the toys, to
help direct the participant's attention to the toys that were present. A PECS book with icons of
the preferred items was also present on the table in the room, within the participant's reach. The
participant was not prompted to request the items, but if a request occurred by either a
vocalization or a picture exchange, thirty seconds of access to the item requested was provided.
This reinforcer duration counted as part of the total duration of fifteen minutes for the session. A
vocalized request was defined in the same way as a vocal mand for the dependent variables. A
picture exchange was defined as the participant making the goal response described in any of the
first four phases of PECS. If no requests occurred, the participant did not receive access to the
item(s).
If a participant engaged in aberrant behavior during a session and the aberrant behavior
was one that was specifically defined in the participant's current individual behavior plan or
positive behavior supports plan (provided by the school), that plan was followed. If no plan
existed for the aberrant behavior, the session was terminated so that the school’s staff could
address the behavior using their standard policies.
If the participant handled PECS materials inappropriately, such as by throwing them or
playing with the pictures, or engaged in any behavior other than those specified above, the
experimenter continued to sit at the table without providing attention or preferred items. If the
inappropriate handling of the PECS materials was such that it could result in harm to the
participant, standard procedures at the school were followed to protect the participant from harm.
Once the participant ceased to handle the PECS materials inappropriately, the experimenter
restored the materials to their initial set-up.
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Baseline sessions were video recorded to allow research assistants to record data on the
dependent variables described above via the recording. The data collector recorded the
frequency of PECS exchanges and inappropriate handling of PECS materials on the same data
sheet found in Appendix A.
After baseline, imitation training and PECS training were conducted, as described below.
A data collection probe identical to this baseline procedure was conducted after every five
imitation training or PECS training sessions.
Physical Imitation Training
An errorless learning procedure was used to teach participants to imitate physical models.
For all phases of physical imitation training, the experimenter and participant were seated facing
each other. Imitation training sessions were fifteen minutes in duration and included as many
trials as could be conducted during that period of time.
At the beginning of each session and during the session as needed, the experimenter
conducted a brief preference assessment to determine a reinforcer to use during training. This
brief preference assessment consisted of presenting two items and asking the participant to
choose one. The preference assessment used items that the participant’s parents or other regular
caregivers (e.g., teachers, behavior aides) reported as being preferred on a reinforcer checklist,
that the participant has been observed to play with in the past, or that the school staff indicated
was preferred. Two to five items were placed in front of the participant and he or she was
allowed to pick one, by pointing to it or picking it up and interacting with it for five to ten
seconds. The experimenter waited five seconds for the participant to make a choice after
offering the items. If a choice was not made, the experimenter then gave the instruction "pick
one". If a choice was still not made within five seconds, different items were presented and the
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process was repeated until the participant made a choice. Once a choice was made, the
participant was given access to that item for 30 seconds. The time spent with the reinforcer
counted as part of the total session duration. Whichever item was picked was also used to
reinforce correct responses for that set of trials.
Five imitative actions were taught at a time. After the first five actions met mastery
criteria (i.e., 3 consecutive sessions at 90% correct or above) generalization testing was
conducted in the same manner as the imitation testing described above. If the participant did not
demonstrate generalized imitation, five new actions were taught and generalization testing was
again conducted. This cycle was repeated until generalized imitation was achieved on the
imitation test. The initial set of five actions consisted of gross motor actions. Fine motor actions
were added in to subsequent training sets. Each set of five imitative actions was taught
according to the following phases (see below). After generalized imitation was achieved, the
imitation test was repeated every two weeks, with variations in the actions used across tests, to
ensure the skill continued to maintain over time.
Phase 1
The experimenter would ensure the participant was attending and then performed a
physical model while saying “do this”. The research assistant immediately provided a full
physical prompt for the participant to perform the same action. All correct responses were
consequated with social praise and a tangible or edible. Access to the tangible was provided for
thirty seconds or until an edible was consumed. A correct response was defined as any response
for which the participant did not resist the physical prompt. Data were recorded for each trial
using an (I) to indicate an independent response, a (P) to indicate a physical prompt, and a (-) to
indicate a response for which the participant resisted the physical prompt. If the physical prompt
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was resisted, a high-probability request was conducted before starting the next trial. Highprobability requests were chosen based on the recommendation of the staff working with the
participant at the school or from a list of previously mastered imitative actions.
Phase 2
The method was the same as above, with the following exceptions: The research
assistant waited two seconds before providing a full physical prompt. Delivery of preferred
stimuli was contingent on either performing an independent imitative action during the twosecond delay or for not resisting the full physical prompt.
Phase 3
The method was the same as above, except the research assistant waited four seconds
before providing a full physical prompt.
Phase 4
The method was the same as above, except no physical prompt was provided. Only
independent responses were consequated with delivery of a preferred item. If the participant did
not respond or responded incorrectly, the experimenter physically prompted the correct response,
conducted a high-probability request, and then commenced the next trial.
Criteria for Phase Change
A participant progressed between phases in imitation training when two consecutive
sessions with 90% or better performance was achieved.
The complete imitation training program with data sheet can be found in Appendix E.
Multiple phases were included in this program to allow for extra imitation training to be
conducted if generalized imitation was not achieved after each set of five actions was trained.
More phases of five actions each were added as needed.
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PECS Training
All individuals received training in the first four phases of PECS, as outlined in The
Picture Exchange Communication System Training Manual (Frost & Bondy, 1994). Training
phases are described in detail below. The only deviation from the manual is that one research
assistant served as both a prompter and as a communicative partner, instead of two different
research assistants serving in the two roles. PECS training sessions were fifteen minutes in
duration to stay consistent with baseline and to prevent satiation of reinforcers during the
session. As many trials as possible were conducted within the fifteen-minute session.
Preference Assessment
Prior to PECS training, a preference assessment was conducted to develop a hierarchy of
reinforcers that could be used during training sessions. If preference assessment results using
similar methodology were available from the school, those results were used instead. The
preference assessment was essential for the training process because there must be a strong
motivating operation in place to promote the acquisition of PECS mands. The assessment also
identified potential non-preferred items that could be used during Phase III training, which
teaches discrimination between pictures of various items.
For all participants, the first step of the preference assessment was to have the
participant’s guardian fill out a Reinforcer Checklist (found in Appendix F). This form was used
to gather information about various edibles, tangibles, games, and people an individual liked as
well as things the individual did not like.
For those participants without available preference assessment results, the next step was
to conduct a multiple stimulus without replacement preference assessment. Six potential
preferred and two potential nonpreferred items were selected from the results of the Reinforcer
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Checklist. Those eight items were assessed using the multiple stimulus without replacement
preference assessment procedure described in DeLeon and Iwata (1996).
An outline of the preference assessment process with data sheets is included in Appendix
G.
Phase 1: Picture Exchange
Phase 1 of PECS training teaches the basic steps for picture exchange, which are to pick
up the picture, reach toward the communicative partner’s hand, and release the picture into the
communicative partner’s hand. Teaching for this phase consisted of the following steps:
1) The experimenter or research assistant sat in front of the participant to serve as the
communicative partner and prompter. The communicative partner held one of the
participant’s highly preferred items within view. A picture of that item was on the table
between the participant and the communicative partner.
2) As soon as the participant reached for the preferred item, the research assistant placed his
or her hand over the participant’s hand and provided a full physical prompt for the
participant to pick up the picture, reach toward the communicative partner, and release
the picture into the partner’s hand.
3) The communicative partner also presented an open hand immediately when the
participant picked up the picture. As soon as the communicative partner received the
picture, he or she delivered the preferred item while simultaneously stating the name of
the item.
4) The prompt level was faded after two consecutive sessions with 90% or better
performance, or after three consecutive sessions with 80% or better performance.
Prompting was faded in the following manner.
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a. A full physical prompt was provided to pick up the picture and reach toward the
communicative partner. The participant was given up to five seconds to release
the picture independently.
b. A full physical prompt was provided to pick up the picture. The participant was
provided up to five seconds to reach toward the communicative partner and
release the picture independently.
c. No prompts were initially provided, other than an open hand prompt. The
participant was given up to five seconds to perform the picture exchange
independently before error correction was delivered.
5) A backstep error correction was used contingent on an incorrect response. This strategy
consists of moving the participant back to the last step completed correctly and then
providing a full physical prompt to complete the step the on which the error occurred.
Data were recorded on the following for each trial: Whether the response was prompted
or independent for each step (i.e., pick up picture, reach toward partner, and release), the item
requested, and the picture used. The program and data sheet for this phase of PECS training can
be found in Appendix H.
Phase 2: Distance and Persistence
Phase 2 of PECS training teaches distance and persistence. In other words, the
participant learned to travel a greater distance to pick up a picture or to take the picture to a
communicative partner. The participant also learned to persist, or keep trying, if the
communicative partner did not respond immediately. Teaching for this phase was similar to
Phase I, with the following changes:
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1) The picture was placed on a communication book instead of directly on the table.
Distance and persistence were taught once the participant reliably removed the picture
from the book.
2) The distance between the participant and the communicative partner was increased to a
minimum of five feet. Once this was mastered, the distance between the participant and
the communication book was also increased to a minimum of five feet.
3) The communicative partner stopped providing an open hand prompt once distance had
been successfully increased between the participant, the book, and the communicative
partner.
4) After the participant learned to make exchanges without the presence of an open-hand
prompt, the communicative partner waited five seconds, and later ten seconds, before
accepting the exchange.
Data were recorded on the following: Whether the participant independently traveled to
the book and the communicative partner or required prompts, whether the picture exchange was
independent or prompted, the picture used, and the item delivered. The program and data sheet
for this phase of PECS training can be found in Appendix I.
Phase 3: Picture Discrimination
Phase 3 of PECS training teaches the individual to discriminate between pictures, or
select an appropriate picture from an array of pictures to mand for a desired item or activity. The
training set-up was similar to those of previous phases, except additional pictures were added to
the front of the communication book according to the following steps:
1) Two pictures were on the book, one of a highly-preferred item and one of a non-preferred
item (i.e., an item not selected or that was least selected during preference assessments).
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The latter picture served as a distracter. Correspondence checks were conducted for
approximately 50% of all trials. During correspondence checks, the communicative
partner presented both items depicted on the front of the book and allowed the participant
to choose the correct one.
2) Two pictures of highly-preferred items were on the front of the book. Correspondence
checks were also conducted for approximately fifty percent of the trials in this phase.
The other significant difference in Phase 3 training is the use of the four-step error correction,
which consists of these steps:
1) Model the correct response by pointing to the picture of the desired item.
2) Prompt a correct picture exchange, but do not deliver the requested item (only label it).
3) Switch or distract the participant by delivering a simple request and reinforce compliance
with verbal praise.
4) Repeat the trial by allowing the participant to independently select and exchange a
picture. Repeat the four steps up to two more times. If the participant does not
successfully exchange after those repetitions, remove the second picture from the book
and allow the participant to practice an exchange with only one picture available.
Data were recorded on whether the picture exchange was prompted or independent,
which two pictures were on the front of the communication book, which item was requested, and
if the correct item was chosen on the correspondence check. The program and data sheet for this
phase of PECS training can be found in Appendix J.
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Phase 4: Sentence Construction
Phase 4 of PECS training teaches the participant to put a picture of a preferred item on a
sentence strip with an “I want” picture to form a sentence. The teaching sequence consisted of
the following steps:
1) The “I want” picture was already on the sentence strip. The participant learned to put the
picture of the preferred item on the sentence strip and then pick up the entire sentence
strip for exchange. A prompting strategy, similar to that used in Phase I, was used in this
step. Once the communicative partner accepted the sentence strip, he or she prompted
the participant to point to each picture as the communicative partner read the sentence
strip out loud.
2) Both the “I want” picture and the picture of the preferred item were on the
communication book. Prompting was used and faded to teach the participant to put both
pictures on the sentence strip before exchanging the strip. The communicative partner
again prompted the participant to point to each picture as he or she read the sentence strip
out loud.
3) The participant was taught to point to the pictures independently as the communicative
partner read them aloud.
4) Once the participant mastered independent use of the sentence strip, a five-second timedelay was added to the procedure. Once the communicative partner accepted the
sentence strip, he or she waited five seconds after the participant pointed to the picture
before reading it aloud and delivering the reinforcer. If the participant emitted a vocal
mand for the item during the five-second delay, he or she received the item immediately.
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This phase of PECS training used correspondence checks for at least 50% of trials. The
backstep error correction procedure was used for errors in constructing the sentence strip and the
four-step error correction procedure was used for errors in discrimination. Distance and
persistence were also incorporated into at least 50% of trials.
Data were recorded on whether each step was independent or prompted (putting the "I
want" picture on the sentence strip, putting the picture of the item on the sentence strip,
exchanging the strip, and pointing to each picture on the strip), and whether the correct item was
chosen during the correspondence check. The program and data sheet for this phase of PECS
training can be found in Appendix K.
Interobserver Agreement
Interobserver agreement (IOA) was collected for 44.8% of experimental sessions,
including baseline, probe, test, and training sessions. At least 30% of sessions for each phase of
the study (e.g., imitation training, probes) and for each participant were scored for IOA. During
baseline and dependent variable probe data collection, the frequency per 30-second interval was
used to determine IOA. An agreement on an interval was scored if both observers recorded the
same frequency for that interval and a disagreement was scored if the observers recorded
different frequencies for an interval. For all other training and test sessions, each data point was
compared to determine whether there was an agreement or disagreement. IOA was collected by
a research assistant serving as an independent observer, and was calculated by dividing the
number of agreements by the combined number of agreements and disagreements (i.e., the pointby-point method of calculating interobserver agreement). A worksheet for calculating IOA is in
Appendix L. Mean IOA was 95.38% (range, 80%-100%). A table showing IOA, treatment
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integrity, and treatment integrity IOA averages and ranges per participant for both Studies 1 and
2 can be found in Appendix N.
Treatment Integrity
Treatment integrity was collected for 38.29% of experimental sessions, and for a
minimum of 30% of each session type for each participant. Treatment integrity was collected by
a research assistant using checklists, a different one for each phase of the intervention, found in
Appendix M. Treatment integrity was reported as the percentage of intervention steps completed
correctly. Mean treatment integrity was 93.33%, (range, 81%-100%. 41.18% of sessions scored
for treatment integrity were also scored for treatment integrity IOA. Mean treatment integrity
IOA was 91.81% (range, 80%-100%).
Results and Discussion
There are three graphs for each participant. The first graph shows the rate per minute of
mands, echoics, and other vocalizations during probes. The rates are displayed on the left-hand
y-axis, and the session number on the x-axis. Echoics are represented by open circles, mands by
open squares, and other vocalizations by open triangles.
The second graph for shows the cumulative number of novel sounds, words, and mands
each participant emitted across probes. It is important to note that there are a limited number of
sounds in the English language, but an almost infinite number of words and mands. The ceiling
for sounds, which is equivalent to the total number of phonemes in the English language, is
shown by the horizontal line on the graph. The x-axis displays the session number and the y-axis
displays the cumulative number of sounds, words, and mands. Sounds are displayed with closed
triangles, mands with closed squares, and words with closed circles.
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The third graph shows the rate per minute of PECS exchanges during probes and scores
from the generalized imitation tests. PECS exchanges are displayed on the left-hand y-axis and
are represented by closed squares. Imitation test scores are displayed on right-hand y-axis and
are represented by closed circles. Session numbers are on the x-axis. The graphs for each
participant are accompanied by a brief description of the data.
Results for Marty

Figure 1. Rate per minute of echoics, mands, and other vocalizations during dependent variable
probes for Marty. Note that the zero on the y-axis is elevated above the x-axis. IT = Imitation
Training, P = PECS Training, and BL = Baseline.
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Figure 2. Cumulative number of novel sounds, mands, and words for Marty. Note that the zero
on the y-axis is elevated above the x-axis. The horizontal dashed line denotes the number of
sounds in the English language. IT = Imitation Training, P = PECS Training, and BL = Baseline.
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Figure 3. Rate per minute of PECS exchanges and imitation test scores for Marty. Note that the
zero on the y-axis is elevated above the x-axis. IT = Imitation Training, P = PECS Training, and
BL = Baseline.

Marty demonstrated some imitation skills and a few PECS exchanges at the start of the
study, but at that time he did not meet mastery criteria on generalized imitation tests.
Additionally, both his parent and teacher reported he had not received any prior PECS training.
He received imitation training prior to PECS training for this study. He mastered imitation after
only five training sessions, and his imitation performance then maintained across all other
phases. His rate of PECS exchanges did not change significantly after baseline, although he did
master all four phases of PECS taught.
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Marty began to demonstrate echoics near the end of PECS Phase 2, but then decreased
again during PECS Phase 4. His echoics were of the examiner reading the PECS icons or
sentence strip. His vocal mands were at a low rate early in the study, and first consisted of
general mands such as “no” or a point paired with the single word “want”. During PECS Phase
2, he began to engage in a higher rate of vocal mands, and also started to use more specific vocal
mands, such as “I want iPad”. His rate of other vocalizations was variable throughout the study,
but did not show any significant increases. He did demonstrate an increase in the variability of
sounds, words, and mands, as displayed in his cumulative graph (Figure 2). By the end of the
study he was emitting the majority of sounds in the English language. The number of words in
his repertoire surpassed the number of different sounds during PECS Phase 2. Some of his
words were not used meaningfully (e.g., he would say “day” mixed in with babble), but other
words were used meaningfully, such as to mand, to say “hi” as a greeting, or to say “thank you”
after being given an item for which he had manded.
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Results for Lacey

Figure 4. Rate per minute of echoics, mands, and other vocalizations during dependent variable
probes for Lacey. Note that the zero on the y-axis is elevated above the x-axis.
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Figure 5. Cumulative number of novel sounds, mands, and words for Lacey. Note that the zero
on the y-axis is elevated above the x-axis. The horizontal dashed line denotes the number of
sounds in the English language.
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Figure 6. Rate per minute of PECS exchanges and imitation test scores for Lacey. Note that the
zero on the y-axis is elevated above the x-axis.

Lacey received PECS training, but did not progress to imitation training due to the family
withdrawing from the study. At the start of the study, Lacey did not demonstrate any imitation
on the generalized imitation tests, but her imitation scores gradually improved throughout PECS
training. On one of her tests during follow-up her score did meet mastery criteria. Her parent
and teacher confirmed she had not been given any formal imitation training during this time.
Lacey also demonstrated a few PECS exchanges during baseline, although her mother and
teacher reported no formal PECS training had occurred. Throughout the study her rate of PECS
exchanges gradually increased, but then decreased again during PECS Phase 4 and follow-up.
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During the phases when Lacey’s rate of PECS exchanges decreased, her rate of echoics
and vocal mands increased. Her initial mands consisted of saying “I want” while pointing
toward an item, but she later started to engage in more specific mands, such as “ball” or “tickle”.
Her rate of other vocalizations was variable throughout all phases of the study, but did increase
slightly over baseline levels during follow-up. Lacey’s cumulative number of sounds and words
gradually increased throughout the study, with a sharper increase in words observed during
follow-up. Her vocal mands began to increase during PECS phase 3 and continued to gradually
increase in variety after that. Initially, many of her words were not used functionally, and were
instead mixed in with babble. Near the end of the study, she started to use words more
functionally, such as for manding (e.g., “chase”) or to gain attention (e.g., saying “see” while
holding something up in someone’s line of sight), but she also continued to babble frequently.
STUDY 2 METHODS AND RESULTS
Study 2 was a replication of Study 1, but with more participants. Additionally, some
changes were made to the methodology to overcome limitations found during Study 1. These
changes are noted below.
Participants
Inclusionary criteria and the VB-MAPP process were the same as for Study 1, except the
age range was expanded to include individuals up to 18 and participants were recruited from two
different local autism centers, instead of from an intermediate school district. The expanded age
range also corresponds to current research, but was changed to correspond to updated laws
regarding ages at which applied behavior analysis services are covered by insurance in the state
of Michigan. Training sequence assignment was based on the recommendation from autism
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center personnel regarding which skill should be prioritized in training. Table 4 provides
information regarding the participants for Study 2.
Table 4: Study 2 Participants
Age at Study Start
Sabrina

2 years, 11 months

Charles

9 years, 10 months

Thomas

2 years, 9 months

Monica

4 years, 0 months

Jack

2 years, 2 months

VB-MAPP Profile
at Study Start

Assigned Training
Sequence

Low Level 1 (no
echoics or mands,
and few imitative
actions or
spontaneous
vocalizations)
Low Level 1 (no
mands, and few
spontaneous
vocalizations,
echoics, or
imitative actions
Low Level 1 (no
mands, echoics, or
imitative actions,
and few
spontaneous
vocalizations)
Low Level 1(no
echoics or mands,
and few imitative
actions or
spontaneous
vocalizations)
Low Level 1 (no
mands or echoics,
few imitative
actions or
spontaneous
vocalizations)

PECS, then
imitation

Materials
The materials were the same as for Study 1.
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Duration of
Participation in
Study
1 year, 6 months

Imitation, then
PECS

1 year, 3 months

Imitation, then
PECS

10 months

PECS only

6 months

PECS only

5 months

Setting
All sessions were conducted in an individual therapy room at the autism center attended
by the participant. Rooms contained typical features (e.g., a table, chairs, a wall clock, and
adequate lighting). Materials necessary for each session varied by session type, as described
below.
Independent Variables
The independent variables for Study 2 were the same as for Study 1, except a motivating
operation manipulation was added after imitation training and PECS training. The motivating
operation manipulation was added to evaluate whether acquired mands were under the control of
a motivating operation and not some other variable.
Dependent Variables
The dependent variables were the same as in Study 1, except the echoics were converted
into a percentage of opportunity instead of a rate per minute. This was calculated by dividing the
participant’s number of echoed words by the total number of words said by the experimenter or
research assistant during the session.
Research Design
A changing conditions design was also used for Study 2 (Alberto & Troutman, 2013).
Using the same letter designations as Study 1, an ACABA design was use for Charles, an ACA
design for Monica, and an AC design for Jack. All three of these participants received PECS
training first, and the design used for Charles was originally meant to be used for all three. The
designs were changed due to Monica mastering imitation during PECS training and Jack
withdrawing from the study prior to completing PECS training. An ABACA design was used for
Sabrina and Jack, although at the time of this writing Jack was still in the C phase and had not
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yet reached the final A phase. Both of these participants received imitation training prior to
PECS training.
Procedure
The procedure was the same as for Study 1, except vocal imitation probes were added to
the imitation tests and the motivating operation manipulation was added. Additionally, imitation
tests were repeated more frequently during the baseline and follow-up conditions to assess
stability of the data during those conditions.
Vocal Imitation Probe
The same format used for testing physical imitation was used for testing vocal imitation,
or echoics, under the control of conditional discriminations, except that the instruction was
changed to “say

”. Ten vocal imitation test trials were conducted after the physical

imitation test trials, using five different vocal models, each repeated twice. Vocal models were
selected from sounds each participant had been observed to emit during baseline or dependent
variable probes.
Motivating Operation Manipulation
After Phase 4 of PECS was mastered, a motivating operation manipulation was
conducted, based on the procedures outlined in Gutierrez et al. (2007). The purpose of this
manipulation was to verify whether PECS exchanges, as well as any vocal mands that emerged
during the study, were under the control of a motivating operation.
Five items each participant frequently requested using PECS were selected to be tested.
Motivating operation manipulation sessions were conducted for five minutes at a time. Up to
five sessions were conducted per day, and two items were assessed in each session. Items were
balanced across sessions, so that each item was assessed relative to each other item.
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A session consisted of the following steps:
1) Throughout the session, the participant had free access to one item, and access to the
other item was restricted. Two picture cards, one corresponding to each item, were
available.
2) If the participant requested the item access was restricted to, using a picture exchange as
defined by the Picture Exchange Communication System Training Manual (Frost &
Bondy, 1994), the item was provided for 30 seconds. During the 30 seconds, both picture
cards were removed and access to the freely available item was maintained. At the end
of 30 seconds, access to the requested item was again restricted and the picture cards
were made available again.
3) If the participant requested the item he or she had free access to, the item continued to be
available and the picture cards were removed for 30 seconds.
4) The picture cards were repositioned after each trial.
5) The number of picture exchanges for each item was recorded during the session. At the
end of the session, percentages were derived by dividing the number of exchanges for the
restricted item by the total number of exchanges per session, and by dividing the number
of exchanges for the free item by the total number of exchanges.
None of the participants in Study 2 reliably emitted vocal mands by the end of the study,
so a motivating operation assessment for vocal mands was not conducted; however, the original
plan had been to conduct one using similar steps, but without the presence of picture, if a
participant was engaging in vocal mands.
For this assessment, a high percentage of requests for the restricted item and a low
percentage of exchanges for the free item suggested the requests were under the control of a
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motivating operation for the requested item. The task analysis and data sheet for the motivating
operation manipulation are in Appendix O.
Interobserver Agreement
The same methods of calculating IOA for Study 1 were used for Study 2. IOA was
collected for 41.46% of sessions across all participants and all types of sessions. Mean IOA was
94.90 % (range, 80%-100%). Scores and ranges per participant are included in the table in
Appendix N.
Treatment Integrity
The same methods of scoring treatment integrity for Study 1 were used for Study 2.
Treatment integrity was conducted for 40.08% of sessions across all participants and all types of
sessions. Mean treatment integrity was 97.53% (range, 83%-100%). IOA was conducted on
treatment integrity for 38.57% of the sessions for which treatment integrity was recorded. Mean
treatment integrity IOA score was 94.45% (range, 80%-100%).
Results and Discussion
The graphs for Study 2 are set up the same as for Study 1, except the echoic probes from
the generalized imitation tests are added and spontaneous echoics during probes are graphed as a
percentage of opportunity on the second y-axis. Additionally, a fourth graph is added for the
three participants who completed the motivating operation assessment, to display the percentage
of exchanges for the free and restricted items during each session in that assessment. Exchanges
for the free item are shown by the open circles and exchanges for the restricted item are shown
by the closed circles.
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Results for Charles

Figure 7. Rate per minute of mands and other vocalizations (shown on primary y-axis), and
percentage of opportunity for echoics (shown on secondary y-axis) for Charles. Note that the
zero on the y-axis is elevated above the x-axis. BL = Baseline, IT = Imitation Training, and P =
PECS.
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Figure 8. Cumulative number of novel sounds, mands, and words for Charles. Note that the
zero on the y-axis is elevated above the x-axis. The horizontal dashed line denotes the number of
sounds in the English language. BL = Baseline, IT = Imitation Training, and P = PECS.
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Figure 9. Rate per minute of PECS exchanges and imitation test scores for Charles. Note that
the zero on the y-axis is elevated above the x-axis. BL = Baseline, IT = Imitation Training, and
P = PECS.
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Figure 10. Percentage of exchanges for free and restricted items during the motivating operation
assessment for Charles. Note that the zero on the y-axis is elevated above the x-axis. If data are
not shown on the graph for a session, the session was conducted but the participant did not make
any exchanges for either item.

Charles received PECS training before imitation training. He initially demonstrated low
physical imitation test scores. His scores gradually increased throughout the study, but he did
not meet mastery criterion until imitation training occurred. His vocal imitation test scores were
variable but low throughout the study, with no clear increasing or decreasing trends. He engaged
in some PECS exchanges during baseline, although he had not received any prior PECS training.
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His rate of PECS exchanges increased as he started to learn the PECS program, but decreased
during imitation training and follow-up.
Charles did not engage in any spontaneous echoics throughout the study, with the
exception of one during imitation training and one during follow-up. He also did not emit any
vocal mands. His rate of other vocalizations was variable, but in several sessions his rate was
higher than during the initial baseline sessions. The variety of sounds he emitted gradually
increased throughout all phases of the study, as did his number of words. However, none of his
words were used meaningfully, but were mixed in with babble. It is also notable that Charles
came from a bilingual family that spoke both English and Spanish, but his treatment programs
were all in English and he did not emit any Spanish words during the study.
During the course of the study, point-to-mand training was introduced as part of his
program of services at his treatment center. The BCBA working with him at the center reported
he mastered point-to-mand training near the end of the second baseline phase, and that during his
regular sessions reinforcement was provided for pointing instead of PECS exchanges. This
could account for the decrease in PECS exchanges after the second baseline, and anecdotally at
this time he frequently approached available items during probes and pointed at them. It is
unknown if this could have had an impact on potential speech gains or other skills. Additionally,
in all phases of the study, frequently Charles did not approach or interact with any available
items, even after several tangibles and edibles were offered. At such times, he would lay on the
floor and run his hands across the air vent, rock back and forth, or move the window blinds backand-forth while looking at them. It is possible these other activities provided reinforcement that
competed with the reinforcement available for PECS exchanges.
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During the motivating operation assessment, Charles made few PECS exchanges, but all
exchanges made were for restricted items, and no exchanges occurred for items he had free
access to, suggesting his PECS mands were likely under the control of a motivating operation.
Results for Monica

Figure 11. Rate per minute of mands and other vocalizations (shown on primary y-axis), and
percentage of opportunity for echoics (shown on secondary y-axis) for Monica. Note that the
zero on the y-axis is elevated above the x-axis. BL = Baseline and a single number represents a
phase of PECS.

73

Figure 12. Cumulative number of novel sounds, mands, and words for Monica. Note that the
zero on the y-axis is elevated above the x-axis. The horizontal dashed line denotes the number of
sounds in the English language. BL = Baseline and a single number represents a phase of PECS.
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Figure 13. Rate per minute of PECS exchanges and imitation test scores for Monica. Note that
the zero on the y-axis is elevated above the x-axis. BL = Baseline and a single number
represents a phase of PECS.
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Figure 14. Percentage of exchanges for free and restricted items during the motivating operation
assessment for Monica. Note that the zero on the y-axis is elevated above the x-axis. If data are
not shown on the graph for a session, the session was conducted but the participant did not make
any exchanges for either item.

Monica was originally scheduled to receive PECS training prior to imitation training. At
the start of the study, she engaged in some imitation, but did not meet criteria for mastery on the
generalized imitation tests. Her scores increased during PECS training until she did meet mastery
criterion, and she continued to meet this criterion on most imitation tests thereafter. For this
reason, she was moved into follow-up after PECS training instead of moving on to imitation
training. Her vocal imitation test scores were variable throughout the study, but were at a high
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level early in PECS training. Her scores became more variable near the end of the study. Her
rate of PECS exchanges increased after PECS training commenced, and remained fairly stable
throughout the rest of the study.
Monica engaged in few echoics throughout the study, and all were partial echoes (i.e., she
would echo one or two sounds of a word, but not the entire word). She only engaged in two
vocal mands, both of which occurred during PECS Phase 4. Her rate of other vocalizations
increased during baseline, but then decreased and remained at lower levels throughout the rest of
the study. Her cumulative number of different sounds gradually increased across the study. She
engaged in few spoken words, and those she did say were mixed with babble and not used
meaningfully.
Two probes during PECS Phase 4 were unable to be scored due to technological errors.
During the motivating operation assessment, the majority of PECS exchanges Monica
engaged in were for the restricted item. Throughout the assessment, there were two exchanges
for the freely available item. Staff who typically worked with Monica reported she had been
taught to ask for items even if they were within reach, so after this the freely available item was
placed directly in Monica’s hands instead of just in front of her, and she did not engage in any
more requests for the free item.
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Results for Jack

Figure 15. Rate per minute of mands and other vocalizations (shown on primary y-axis), and
percentage of opportunity for echoics (shown on secondary y-axis) for Jack. Note that the zero
on the y-axis is elevated above the x-axis. BL = Baseline and P = PECS.
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Figure 16. Cumulative number of novel sounds, mands, and words for Jack. Note that the zero
on the y-axis is elevated above the x-axis. The horizontal dashed line denotes the number of
sounds in the English language. BL = Baseline and P = PECS.
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Figure 17. Rate per minute of PECS exchanges and imitation test scores for Jack. Note that the
zero on the y-axis is elevated above the x-axis. BL = Baseline and P = PECS.

Jack was scheduled to receive PECS training prior to imitation training; however, his
guardian withdrew him from the study shortly after starting PECS Phase 3 due to variables
occurring within the family outside of the study. Throughout the time he did participate, his
physical and vocal imitation test scores were low, but his rate of PECS exchanges increased after
PECS training started.
Jack did not engage in any spontaneous echoics, vocal mands, or words throughout the
study. His rate of other vocalizations was variable throughout the study and did not increase
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over baseline levels. His cumulative number of different sounds gradually increased, but the
largest increases occurred during baseline, not during PECS training.
Prior to withdrawing from the study, Jack was frequently absent and often missed two or
three sessions in a row. A decrease in correct responding during training sessions was often seen
after such an extended absence, but with regular attendance his performance would begin to
improve again. There were no significant changes observed in his behavior during probes after
an absence.
Results for Sabrina

Figure 18. Rate per minute of mands and other vocalizations (shown on primary y-axis), and
percentage of opportunity for echoics (shown on secondary y-axis) for Sabrina. Note that the
zero on the y-axis is elevated above the x-axis. BL = Baseline and P = PECS.
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Figure 19. Cumulative number of novel sounds, mands, and words for Sabrina. Note that the
zero on the y-axis is elevated above the x-axis. The horizontal dashed line denotes the number of
sounds in the English language. BL = Baseline and P = PECS.
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Figure 20. Rate per minute of PECS exchanges and imitation test scores for Sabrina. Note that
the zero on the y-axis is elevated above the x-axis. BL = Baseline and P = PECS.
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Figure 21. Percentage of exchanges for free and restricted items during the motivating operation
assessment for Sabrina. Note that the zero on the y-axis is elevated above the x-axis. If data are
not shown on the graph for a session, the session was conducted but the participant did not make
any exchanges for either item.

Sabrina received imitation training before PECS training. Her physical imitation test
scores were initially low, but gradually increased until she reached mastery criterion. Her scores
remained variable, but were generally high, after that. Her vocal imitation test scores were also
variable throughout the study, with no clear increasing or decreasing trends in any phase. Her
rate of PECS exchanges stayed low until after she started PECS training, and continued to
gradually increase throughout PECS training and then maintained during follow-up.
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Sabrina did not engage in any spontaneous echoics throughout the study, with the
exception of two sessions during PECS Phase 4 and one session during follow-up, during which
there was a low percentage of opportunity for echoics. Her rate of vocal mands was also zero
throughout most sessions, with the exception of three sessions during imitation training and one
during PECS Phase 4. During these sessions, she emitted approximations for “cookie” (“coo”)
and “iPad” (“iPa”). Her rate per minute of other vocalizations was variable throughout the study,
but was higher than baseline during several later sessions. Her cumulative number of sounds and
vocal words gradually increased throughout the study, but her words were not used
meaningfully. The approximations counted as vocal mands were not counted as words, because
she did not emit the entire word. Like Charles, Sabrina came from a bilingual family that spoke
both Spanish and English, but her words and word approximations were all in English.
One video during PECS Phase 2 was unable to be scored for cumulative graph data, due
to it being accidentally deleted after being scored for other data. The gap between data points in
PECS Phase 2 on the graph indicates when this session took place.
During the motivating operation assessment, the majority of Sabrina’s exchanges were
for the restricted item, suggesting these were under the control of a motivating operation. She
did engage in some PECS exchanges for the drink and snack when these items were freely
available, but her staff reported that in her regular sessions at the center, she was not used to
having free access to such items and always had to ask for them.
Sabrina had frequent absences throughout the study, especially during winter months.
She had two extended vacations out of the country during the course of the study. One lasted
four weeks and occurred during imitation training, and the second lasted two-and-a-half weeks
and occurred during PECS Phase 4. Other absences were due to illness. When an absence
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extended across two or three sessions or more, it was common to see a decrease in her
performance during training sessions after her return, but then she would begin to show progress
again. There were no changes observed in her behavior during probes after such an absence.
Results for Thomas

Figure 22. Rate per minute of mands and other vocalizations (shown on primary y-axis), and
percentage of opportunity for echoics (shown on secondary y-axis) for Thomas. Note that the
zero on the y-axis is elevated above the x-axis. BL = Baseline and P = PECS.
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Figure 23. Cumulative number of novel sounds, mands, and words for Thomas. Note that the
zero on the y-axis is elevated above the x-axis. The horizontal dashed line denotes the number of
sounds in the English language. BL = Baseline and P = PECS.
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Figure 24. Rate per minute of PECS exchanges and imitation test scores for Sabrina. Note that
the zero on the y-axis is elevated above the x-axis. BL = Baseline and P = PECS.

Thomas received imitation training before starting PECS training, and participated
through Phase 2 of PECS. His physical imitation test scores started low, and gradually increased
throughout imitation training. After he achieved mastery criterion, his scores maintained at a
high rate, but then started to decrease and became variable again. His vocal imitation test scores
were low throughout all phases of the study. His rate of PECS exchanges was initially zero, but
increased after PECS training began.
Thomas did not demonstrate any spontaneous echoics, vocal mands, or words throughout
the study. His rate per minute of other vocalizations decreased during imitation training, and has
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remained at a fairly stable rate throughout PECS training. His cumulative number of different
sounds gradually increased throughout the study.
It should be noted that, due to a birth defect, Thomas was missing one arm below the
shoulder, so some of his actions during imitation training were modified so they could be
completed with only one arm. His parents reported that medical evaluations had found his birth
defect was unrelated to his autism diagnosis, and should not impact learning. During imitation
training, he also demonstrated deficiencies in fine motor skill (i.e., he showed steady progress
imitating gross motor actions but not fine motor actions), and after consultation with his BCBA it
was decided to remove fine motor imitation from his training to focus on only gross motor
imitation.
Thomas also had frequent absences due to illness throughout the course of the study, and
he would also show a decrease in performance during training sessions after missing more than
one session at a time, but there were no changes noted in performance during probes after an
absence.
GENERAL DISCUSSION
Study 1 and Study 2 examined whether the presence of a generalized imitative repertoire
affected speech development during PECS training for children with autism.
All participants from both studies demonstrated improvements in both imitation and
communication using PECS. Speech gains were not consistent across participants in either
group, but there is more evidence for speech gains in participants who received imitation training
before PECS training, as described in more detail below.
Of the participants who received imitation training first, Marty and Sabrina did
demonstrate improvements in speech during PECS training. Marty’s speech gains are evidenced
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by his increase in total vocal mands, and increase in his cumulative numbers of different sounds,
words, and mands. It is notable that he began to use speech more functionally near the end of the
study, and in a variety of communicative functions, such as to mand and to greet others. Unlike
most previous research, Marty began to demonstrate speech gains during PECS Phase 2, in the
form of an increased variety of speech sounds rather than increased frequency of speech.
Previous research shows speech gains are most common in later phases of PECS; however, that
research most often looked at frequency of speech rather than variety (e.g., Ganz, Simpson, &
Corbin-Newsome, 2008, and Tincani, Crozier, & Alazetta, 2006 examined frequently of spoken
words and word approximations). The increases in length of utterance that were observed (e.g.,
saying “I want iPad” instead of just “iPad”) occurred during later phases of PECS and during
follow-up is similar to what has been reported in previous research (e.g., Jurgens, Anderson, &
Moore, 2009).
Sabrina’s spontaneous speech during probes did not clearly demonstrate an overall
increase, but during imitation tests her performance on the echoic probes did show a possible
increase, and there were slight increases in her spontaneous echoics. Although her echoic scores
were variable throughout all phases of the study, they were generally higher during PECS Phases
3 and 4 and during follow-up than during earlier phases of the study. Additionally, in later
phases of the study her echoics greatly increased above scores on the initial skills assessment.
These gains, occurring in Phases 3 and 4, align with the results of previous studies regarding
speech gains during PECS, such as the results of Ganz, Simpson, and Corbin-Newsome (2008)
and Tincani, Crozier, and Alazetta (2006), among others. The increase in spontaneous echoics,
although small, also occurred in Phase 4 and follow-up, which mirrors the results of previous
research.
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Thomas did not demonstrate clear increases in speech during PECS training, however, he
only completed Phase 2 of PECS and did not begin Phases 3 or 4. Because previous research
demonstrated speech gains are most common in Phase 4 of PECS (e.g., Ganz & Simpson, 2004;
Tincani et al., 2006), firm conclusions about speech gains cannot be drawn.
Monica, who received PECS first, demonstrated a speech gain in the form of an increased
number of phonemes during PECS Phase 2. However, she also demonstrated mastery of
imitation on generalized imitation tests at the end of Phase 1 of PECS, and throughout Phase 2,
so it is possible that the improved imitative repertoire had an influence on this speech gain. This
would be consistent with the findings of Stone, Ousley, and Littleford (1997) that physical
imitation is predictive of later spoken language abilities.
Lacey only received PECS training. Her imitation scores gradually increased throughout
the study, and she met mastery criteria on imitation tests right after mastery criteria were
achieved in PECS Phase 4. Shortly after this improvement in imitation was observed, an
increase in her spontaneous echoics and vocal mands was also observed. Additionally, she
demonstrated a sharper increase in cumulative number of sounds and words after this increase in
imitation. Her increase in echoics and mands are similar to those found in studies such as the
one conducted by Charlop-Christy et al. (2002), in which increases in both spontaneous and
echoic speech were observed. Previous studies did not measure cumulative sounds and words
over time, so these results also expand on previous research.
Charles and Jack, who both received PECS training first, did not demonstrate any clear
increases in speech, although Jack was unable to complete PECS training due to withdrawal
from the study. Jack only progressed as far as PECS Phase 3, so it is unknown if increases
would have been observed if he had been able to participate through PECS Phase 4. This is an

91

important consideration, because previous research has found that when speech gains do occur,
they most commonly occur during Phase 4 of PECS, occasionally during Phase 3, and not during
Phases 1 or 2 (e.g., Charlop-Christy et al., 2002; Ganz et al., 2009; Ganz et al., 2008; Hart &
Banda, 2009; Jurgens et al., 2009; Millar et al., 2006; Schwartz et al., 1998; Tincani et al., 2006;
Tincani & Devis, 2011). Charles did demonstrate improvement in imitation skill throughout
PECS training, and achieved mastery on imitation tests after formal imitation training was
conducted, but did not demonstrate any clear increases in speech after mastering imitation.
Conclusions
These results do suggest that physical imitation as taught in this study (i.e., under the
control of a model paired with an instruction such as “do this”) had an impact on speech
acquisition during PECS training. All participants who received imitation training first showed
more increases in speech, and most participants who had increases in imitation during PECS
training also demonstrated an increase in speech, but only after meeting mastery criteria on
imitation tests.
Results of the current study also expand the research base in several ways. First, they
provide further evidence for potential increases in speech frequency and variety, and functional
speech use during Phases 3 and 4 of PECS, which is consistent with previous research. Second,
findings of the current investigation suggest that it may continue to be important to look at other
types of speech variables, including cumulative number of sounds or words, as such data can
help identify other patterns of speech growth, such as an increase in the variety of speech used
instead of just an increase in the overall frequency of speech. For example, Marty demonstrated
an increase in variety of speech sounds prior to demonstrating an increase in other types of
speech measures. Finally, outcomes of the present study in combination with previous research
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examine possible variables that can influence speech gains during PECS. Imitation was
examined in the current examination, and results provide preliminary support for this being an
important variable that should continue to be examined.
Future Directions
Results of the current studies, in conjunction with the previous research, suggest this is an
important area for further study. Several components of Study 1 and Study 2 could be evaluated
and possibly modified. Conducting replications that involve systematically varying elements of
these procedures could aide in evaluating and determining how such variations affect
performance during skills training, as well as how they may affect overall results of the study.
Replications focusing on varying the PECS training procedure could add reinforcer
assessments to verify that items chosen via preference assessments will function as reinforcers
before being used in training. Different prompt fading criteria during PECS training could be
examined to see if they have an impact on acquisition of the skills being taught. Additionally, a
second person could be added to research sessions to serve as a prompter. Another possible
variation on the current study could involve teaching imitation and PECS concurrently, instead
of sequentially. The information gathered from such studies could in turn be used to refine
clinical practice, such as providing decision hierarchies or better guidance to determine how
skills should be sequenced to achieve maximal results and by informing the most efficient way to
teach PECS.
Replications of the current studies could be enhanced by expanding the numbers of
participants, and by tracking other skills in the participants’ repertoires. Although the
participants in the current studies had similar repertoires in the areas of speech, communication,
and imitation at the start of the study, it is possible they varied in other areas. Also, since each
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participant received different programming outside of the study, as the study progressed their
skill repertoires may have varied from each other even more. Using large groups of participants
would allow more replications of each training sequence across participants, and tracking their
other skills (e.g., matching-to-sample or listener responding) could help to identify useful
patterns, such as increases in other skills during PECS training, correlations with speech
development, or correlations between incoming skill repertoires and rate of skill acquisition.
Identifying such patterns could help inform future research and practice as well. For example, in
a recent study Valentino et al. (2018) assessed several different skills prior to teaching mands via
speech, PECS, and sign language. The authors found that two-syllable vocal imitation may be a
necessary prerequisite skill for vocal mand training, but not for the other mand modalities, and
they did not find any skills that seemed necessary for success with PECS training. Continuing to
gather data such as these could inform selection of mand training modalities for practitioners, or
could help practitioners identify what prerequisite skills they may need to teach prior to mand
training.
Imitation itself could be looked at more closely. There are several different available
procedures for teaching imitation, so future studies could try different imitation training
procedures. The current study used errorless learning with a gradually increasing time delay
before the delivery of prompts, and taught control under the control of a spoken instruction (i.e.,
“do this”). It could be possible there are more efficient teaching procedures that will result in
faster imitation acquisition. It is also possible that different teaching procedures could have
different impacts on language development. For example, procedures that teach imitation under
the control of an instruction such as “do this” may have a different influence than procedures that
teach spontaneous imitation during play and other social situations, such as the reciprocal
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imitation training procedure described in Ingersoll and Schreibman (2006). That procedure
focuses on teaching imitation during play, and increases in language, including echoics and other
spontaneous language, were also observed after intervention. Although results were inconsistent
across participants, results still suggest this could be another type of imitation to look at in
conjunction with PECS training . Finally, there are also several limitations in the research base
for imitation training procedures, as described in the literature review in Appendix P, which
suggests that future research on the efficacy of different imitation training procedures could be
important. To date, there has not been enough research on imitation training procedures to
inform which procedures may be best for individuals with autism.
In addition to developing efficient imitation training procedures, it is also important to
consider what prerequisite skills may be necessary for imitation training, and how mastery, or the
development of a generalized imitative repertoire, should be defined. The current study, largely
influenced by findings from studies such as Stone, Ousley, and Littleford (1997), which found
that physical imitation is linked to expressive language, defined a generalized imitative repertoire
as a participant achieving 90% correct on a physical imitation test that was re-administered
regularly, with the actions varying each time. Difficulties found with this definition are that not
all participants maintained performance after achieving it, and fine motor actions were removed
from the test for Thomas due to fine motor deficiencies, meaning his tests only measured gross
motor actions. The physical imitation assessment used in the current studies assessed more
actions, especially over time, than the assessment used in Stone, Ousley, and Littleford (1997),
so it is assumed the criterion met by the current participants aligned with a repertoire equivalent
to or greater than the imitative repertoires in the 1997 study. Further defining what a generalized
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imitative repertoire is, and how strong the repertoire needs to be to correlate or impact spoken
language, could allow more specific mastery criterion to be set in future studies.
Palmer (2012) suggests that a generalized imitative repertoire is an atomic repertoire. In
other words, it should allow for an individual to use imitation to learn other skills, and transfer
the imitated behavior to a more functional, natural context. However, Palmer does not propose a
criterion for how strong this repertoire needs to be to be functional (e.g., how many different
actions does an individual need to be able to imitate, or for what percentage of opportunities does
he need to imitate accurately?). He does stress that for an individual to successfully imitate, the
prerequisite skills to perform the modeled action must be in the person’s repertoire, which was
illustrated in this study when Thomas did not have the fine motor skills to imitate fine motor
actions. Therefore, it is necessary to further identify which types of imitation are linked to
expressive language and what the prerequisite skills are for those types of imitation. Stone,
Ousley, and Littleford (1997) assessed both fine and gross motor actions as part of physical
imitation, but did not further assess differences between fine and gross motor imitation and how
they predict communication individually. They did separately assess imitation with objects and
found this did not correlate with expressive language, so prerequisite skills related to
manipulation of objects may not be important for studies such as the ones described in this
manuscript, but gross, and possibly fine, motor skills are.
When considering imitation research and future directions, it is important to further
consider the link between imitation and spoken communication. Ross and Greer (2003) taught
imitation, and then used a rapid motor imitation sequence to attempt to induce vocal imitation
and subsequent vocal mands. Although they were successful, it is unknown whether imitation
was a critical component, or whether the rapid motor imitation sequence served the same
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function as a high-probability request sequence, which can also increase the likelihood of correct
responses occurring during skill acquisition (Mace et al., 1988). Stone, Ousley, and Littleford
(1997) found that motor imitation skill was predictive of spoken communication, but did not
examine whether there is a causal relation between the two skills. Analyzing the role physical
imitation plays in language development could help inform future practice. For example, it is
possible physical imitation is a prerequisite skill for vocal imitation, and that vocal imitation is
important for spoken language development, similar to the findings of Valentino et al. (2018).
However, it is also possible there is a more direct link between physical imitation and spoken
language development.
Finally, the potential association between imitation gains and PECS could be further
examined. Participants receiving PECS training first in this study demonstrated improvements in
imitation skill during PECS training, and in the absence of formal imitation training. The
possible link between PECS training and imitation improvement, and how this could impact
speech acquisition, is another important area to further examine, as this could have implications
for future intervention development for children with autism. Given that 50,000 individuals in
the state of Michigan alone have an autism spectrum disorder, and that up to 50% of those
individuals are nonverbal, it is imperative to continue to seek the most effective and efficient
interventions possible to assist these individuals (Michigan Autism Program, 2018). Currently in
Michigan, individuals with autism up to the age of 21 can receive applied behavior analysis
services, and state law mandates that such services be evidence-based. For areas in which there
is not a strong evidence base, such as with speech acquisition during PECS training, it is
important to conduct more research and try to establish this base. This will allow practitioners to
make data-based decisions regarding intervention recommendations, especially regarding
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interventions for teaching communication skills. Further research could also help develop more
efficient and effective interventions to allow practitioners to better help these individuals. If it is
found that PECS influences the acquisition of imitation, less time could be spent on explicit
imitation instruction. It could be more efficient to teach PECS and then provide booster training
on imitation, or to teach PECS and imitation concurrently rather than imitation first.
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Session Data Sheet
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APPENDIX B
Phonetic Alphabet
International Phonetic Alphabet
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APPENDIX C
Flow Chart of Procedures
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APPENDIX D
Generalized Imitation Test Task Analysis and Data Sheet
Generalized Imitation Test
Participant: _____________________
Start Date:
/ /
.
Target Completion Date:
/ /
.

Actual Completion Date:

/

/

.

Objective:
Given a physical model with or without stimuli and the vocal instruction "do this", the student
will correctly and independently imitate the model within five seconds for at least 90% of
opportunities across three consecutive sessions, as measured by staff recording.
Termination/Mastery Criteria:
At least 90% correct responding.
General Teaching Procedure:
• Gain the student's attention.
• Present a model (specified in the data sheet below) while stating the instruction "do this"
for physical actions or “say
“ for vocal models.
• Regardless of the correctness of the response, state "okay" in a neutral tone of voice after
each trial (or after 5 seconds of no response).
Data Collection:
(I)
Correct independent response
(-)
Incorrect response or no response with no aberrant behavior
(A)
Incorrect response or no response with aberrant behavior
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Generalized Imitation Test
Data Sheet

Participant:

Date:

Behavior Aide:

Start Time:

Data Collector:

End Time:

IOA:

Treatment Integrity:

Trial #

Action

Response

Trial #

1

11

2

12

3

13

4

14

5

15

6

16

7

17

8

18

9

19

10

20

Action

Response

Total Percent Correct:

Trial #

Vocal Model

Response

Trial #

1

6

2

7

3

8

4

9

5

10

Vocal Model

Total Percent Correct:
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Response

APPENDIX E
Imitation Training Tasks Analysis and Data Sheet
Imitation Training
Client Name: _____________________
Start Date:
/ /
.
Target Completion Date:
/ /
.

Actual Completion Date:

/

/

.

Objective:
Given the verbal instruction “do this” and a physical model, the student will correctly and
independently imitate the model within five seconds for at least 90% of opportunities across
three consecutive sessions, as measured by staff recording.
Phase Change Criteria:
Three consecutive sessions with at least 80% correct responding OR two consecutive sessions
with at least 90% correct responding.
Termination/Mastery Criteria (for last phase):
Three consecutive sessions with at least 90% correct responding
General Teaching Procedure:
• Gain the student's attention.
• Present a model (specified in the data sheet below) while stating the instruction "do this".
• The response will be taught using a time-delay procedure:
o Phase A: full physical prompt immediately
o Phase B: full physical prompt after a two-second delay
o Phase C: full physical prompt after a four-second delay
o Phase D: independent response; if the independent response does not occur within
five seconds, prompt the response but do not count as a correct response.
• If the student responds correctly, provide the reinforcer identified in the brief preference
assessment.
• If the student responds incorrectly before the physical prompt or during Phase D, block the
incorrect response and prompt the correct response. Then conduct a high-probability task
before beginning the next trial.
• If the student does not respond at all, provide the prompt after the appropriate delay.
Data Collection:
(I)
Correct independent response
(P)
Response physically prompted
(-)
Incorrect response/resisted physical prompt
Also record the action conducted during each trial using the codes specified within each phase
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1-B

1-A

Phase

State "do this" and simultaneously model
one of the following actions: raise arms (R),
touch floor (F), pat table (T), pat head (H), or
clap hands (C). Wait two seconds and then
provide a full physical prompt for the
student to complete the same action.
Conduct each action once and then go
through all actions again in a different
order.

SD: “Do this”

Materials:
None

Materials:
None

State "do this" and simultaneously model
one of the following actions: raise arms (R),
touch floor (F), pat table (T), pat head (H), or
clap hands (C). Immediately provide a full
physical prompt for the student to
complete the same action. Conduct each
action once and then go through all actions
again in a different order.

SD: “Do this”.

Procedure

Aide Response: (1 & 2)
Provide reinforcement
paired with praise.

Student Response:
Student (1) completes the
modeled action OR (2)
does not resist the
physical prompt.

Student Response:
Student does not resist
the physical prompt.
Aide Response: Provide
reinforcement paired with
praise.

Correct Response

Student Response:
Student (1) completes a
different action or a
partial action OR (2)
resists the physical
prompt.
Aide Response: (1) Block
incorrect response and
provide an immediate full
physical prompt, conduct
a high-p task, and then
begin the next trial or (2)
conduct a high-p task and
then begin the next trial.

Student Response:
Student resists the
physical prompt.
Aide Response: Conduct
a high-p task and then
begin the next trial.

Incorrect Response
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1-D

1-C

Materials:
None

SD: “Do this”

Materials:
None

SD: “Do this”

State "do this" and simultaneously model
one of the following actions: raise arms (R),
touch floor (F), pat table (T), pat head (H), or
clap hands (C). The student should respond
independently. Conduct each action once
and then go through all actions again in a
different order.

State "do this" and simultaneously model
one of the following actions: raise arms (R),
touch floor (F), pat table (T), pat head (H), or
clap hands (C). Wait four seconds and then
provide a full physical prompt for the
student to complete the same action.
Conduct each action once and then go
through all actions again in a different
order.

Student Response:
Student (1) completes a
different action or a
partial action OR (2)
resists the physical
prompt.
Aide Response: (1) Block
incorrect response and
provide an immediate full
physical prompt, conduct
a high-p task, and then
begin the next trial or (2)
conduct a high-p task and
then begin the next trial.

Student Response:
Student completes a
different action or a
partial action OR does not
complete the action
within 5 seconds of the
SD.
Aide Response: Provide
Aide Response: Block
reinforcement paired with incorrect response and
praise.
provide an immediate full
physical prompt, conduct
a high-p task, and then
begin the next trial.

Student Response:
Student completes the
modeled action within 5
seconds of the SD.

Aide Response: (1 & 2)
Provide reinforcement
paired with praise.

Student Response:
Student (1) completes the
modeled action OR (2)
does not resist the
physical prompt.
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2-B

2-A

State "do this" and simultaneously model
one of the following actions: hold up three
fingers (3), hold up four fingers (4), touch
index finger tips together (T), rub stomach
(S), or rub hands together (H). Wait two
seconds and then provide a full physical
prompt for the student to complete the
same action. Conduct each action once and
then go through all actions again in a
different order.

SD: “Do this”

Materials:
None

Materials:
None

State "do this" and simultaneously model
one of the following actions: hold up three
fingers (3), hold up four fingers (4), touch
index finger tips together (T), rub stomach
(S), or rub hands together (H). Immediately
provide a full physical prompt for the
student to complete the same action.
Conduct each action once and then go
through all actions again in a different
order.

SD: “Do this”.

Aide Response: (1 & 2)
Provide reinforcement
paired with praise.

Student Response:
Student (1) completes the
modeled action OR (2)
does not resist the
physical prompt.

Student Response:
Student does not resist
the physical prompt.
Aide Response: Provide
reinforcement paired with
praise.

Student Response:
Student (1) completes a
different action or a
partial action OR (2)
resists the physical
prompt.
Aide Response: (1) Block
incorrect response and
provide an immediate full
physical prompt, conduct
a high-p task, and then
begin the next trial or (2)
conduct a high-p task and
then begin the next trial.

Student Response:
Student resists the
physical prompt.
Aide Response: Conduct
a high-p task and then
begin the next trial.
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2-D

2-C

Materials:
None

SD: “Do this”

Materials:
None

SD: “Do this”

State "do this" and simultaneously model
one of the following actions: hold up three
fingers (3), hold up four fingers (4), touch
index finger tips together (T), rub stomach
(S), or rub hands together (H). The student
should respond independently. Conduct
each action once and then go through all
actions again in a different order.

State "do this" and simultaneously model
one of the following actions: hold up three
fingers (3), hold up four fingers (4), touch
index finger tips together (T), rub stomach
(S), or rub hands together (H). Wait four
seconds and then provide a full physical
prompt for the student to complete the
same action. Conduct each action once and
then go through all actions again in a
different order.

Student Response:
Student (1) completes a
different action or a
partial action OR (2)
resists the physical
prompt.
Aide Response: (1) Block
incorrect response and
provide an immediate full
physical prompt, conduct
a high-p task, and then
begin the next trial or (2)
conduct a high-p task and
then begin the next trial.

Student Response:
Student completes a
different action or a
partial action OR does not
complete the action
within 5 seconds of the
SD.
Aide Response: Provide
Aide Response: Block
reinforcement paired with incorrect response and
praise.
provide an immediate full
physical prompt, conduct
a high-p task, and then
begin the next trial.

Student Response:
Student completes the
modeled action within 5
seconds of the SD.

Aide Response: (1 & 2)
Provide reinforcement
paired with praise.

Student Response:
Student (1) completes the
modeled action OR (2)
does not resist the
physical prompt.
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3-B

3-A

State "do this" and simultaneously model
one of the following actions: arms out (A),
turn palms up & out (P), hands on waist (W),
touch nose with pointed finger (N), or
thumbs down (D). Wait two seconds and
then provide a full physical prompt for the
student to complete the same action.
Conduct each action once and then go
through all actions again in a different
order.

SD: “Do this”

Materials:
None

Materials:
None

State "do this" and simultaneously model
one of the following actions: arms out (A),
turn palms up & out (P), hands on waist (W),
touch nose with pointed finger (N), or
thumbs down (D). Immediately provide a
full physical prompt for the student to
complete the same action. Conduct each
action once and then go through all actions
again in a different order.

SD: “Do this”.

Aide Response: (1 & 2)
Provide reinforcement
paired with praise.

Student Response:
Student (1) completes the
modeled action OR (2)
does not resist the
physical prompt.

Student Response:
Student does not resist
the physical prompt.
Aide Response: Provide
reinforcement paired with
praise.

Student Response:
Student (1) completes a
different action or a
partial action OR (2)
resists the physical
prompt.
Aide Response: (1) Block
incorrect response and
provide an immediate full
physical prompt, conduct
a high-p task, and then
begin the next trial or (2)
conduct a high-p task and
then begin the next trial.

Student Response:
Student resists the
physical prompt.
Aide Response: Conduct
a high-p task and then
begin the next trial.
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3-D

3-C

Materials:
None

SD: “Do this”

Materials:
None

SD: “Do this”

State "do this" and simultaneously model
one of the following actions: arms out (A),
turn palms up & out (P), hands on waist (W),
touch nose with pointed finger (N), or
thumbs down (D). The student should
respond independently. Conduct each
action once and then go through all actions
again in a different order.

State "do this" and simultaneously model
one of the following actions: arms out (A),
turn palms up & out (P), hands on waist (W),
touch nose with pointed finger (N), or
thumbs down (D). Wait four seconds and
then provide a full physical prompt for the
student to complete the same action.
Conduct each action once and then go
through all actions again in a different
order.

Student Response:
Student (1) completes a
different action or a
partial action OR (2)
resists the physical
prompt.
Aide Response: (1) Block
incorrect response and
provide an immediate full
physical prompt, conduct
a high-p task, and then
begin the next trial or (2)
conduct a high-p task and
then begin the next trial.

Student Response:
Student completes a
different action or a
partial action OR does not
complete the action
within 5 seconds of the
SD.
Aide Response: Provide
Aide Response: Block
reinforcement paired with incorrect response and
praise.
provide an immediate full
physical prompt, conduct
a high-p task, and then
begin the next trial.

Student Response:
Student completes the
modeled action within 5
seconds of the SD.

Aide Response: (1 & 2)
Provide reinforcement
paired with praise.

Student Response:
Student (1) completes the
modeled action OR (2)
does not resist the
physical prompt.
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4-B

4-A

State "do this" and simultaneously model
one of the following actions: hands on
cheeks (C), hand over face (F), touch index
finger to palm of other hand (P), touch
knees (K), or wave hi/bye (W). Wait two
seconds and then provide a full physical
prompt for the student to complete the
same action. Conduct each action once and
then go through all actions again in a
different order.

SD: “Do this”

Materials:
None

Materials:
None

State "do this" and simultaneously model
one of the following actions: hands on
cheeks (C), hand over face (F), touch index
finger to palm of other hand (P), touch
knees (K), or wave hi/bye (W). Immediately
provide a full physical prompt for the
student to complete the same action.
Conduct each action once and then go
through all actions again in a different
order.

SD: “Do this”.

Aide Response: (1 & 2)
Provide reinforcement
paired with praise.

Student Response:
Student (1) completes the
modeled action OR (2)
does not resist the
physical prompt.

Student Response:
Student does not resist
the physical prompt.
Aide Response: Provide
reinforcement paired with
praise.

Student Response:
Student (1) completes a
different action or a
partial action OR (2)
resists the physical
prompt.
Aide Response: (1) Block
incorrect response and
provide an immediate full
physical prompt, conduct
a high-p task, and then
begin the next trial or (2)
conduct a high-p task and
then begin the next trial.

Student Response:
Student resists the
physical prompt.
Aide Response: Conduct
a high-p task and then
begin the next trial.
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4-D

4-C

Materials:
None

SD: “Do this”

Materials:
None

SD: “Do this”

State "do this" and simultaneously model
one of the following actions: hands on
cheeks (C), hand over face (F), touch index
finger to palm of other hand (P), touch
knees (K), or wave hi/bye (W). The student
should respond independently. Conduct
each action once and then go through all
actions again in a different order.

State "do this" and simultaneously model
one of the following actions: hands on
cheeks (C), hand over face (F), touch index
finger to palm of other hand (P), touch
knees (K), or wave hi/bye (W). Wait four
seconds and then provide a full physical
prompt for the student to complete the
same action. Conduct each action once and
then go through all actions again in a
different order.

Student Response:
Student (1) completes a
different action or a
partial action OR (2)
resists the physical
prompt.
Aide Response: (1) Block
incorrect response and
provide an immediate full
physical prompt, conduct
a high-p task, and then
begin the next trial or (2)
conduct a high-p task and
then begin the next trial.

Student Response:
Student completes a
different action or a
partial action OR does not
complete the action
within 5 seconds of the
SD.
Aide Response: Provide
Aide Response: Block
reinforcement paired with incorrect response and
praise.
provide an immediate full
physical prompt, conduct
a high-p task, and then
begin the next trial.

Student Response:
Student completes the
modeled action within 5
seconds of the SD.

Aide Response: (1 & 2)
Provide reinforcement
paired with praise.

Student Response:
Student (1) completes the
modeled action OR (2)
does not resist the
physical prompt.

Phase/Target

Date
Introduced

Date
Mastered

Notes

1-A
1-B
1-C
1-D
2-A
2-B
2-C
2-D
3-A
3-B
3-C
3-D
4-A
4-B
4-C
4-D
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Imitation Training Data Sheet

Participant:

Date:

Behavior Aide:

Start Time:

Data Collector:

Phase:

IOA:

Treatment Integrity:

Action:
Response:
Action:
Response:
Percent Correct:
Ready for a Phase Change (yes/no)?
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End Time:

APPENDIX F
Reinforcer Checklist
Reinforcer Checklist
Child's Name:

Completed By:

Date:

Identification of your child's preferred and non-preferred items and activities will assist us in
developing an instructional environment that your child can succeed in. Please answer the
following questions as best as you are able.
1) What are your child's favorite activities? Check any of the listed items they enjoy and
write in any other activities they enjoy. If they have a particular favorite from one of the
categories listed, such as a favorite book or game, please write it down.
Puzzles
Games
Books

Light-up toys

Musical instruments

Pop-up toys

Action figures/dolls

Coloring/arts & crafts

Play dough

Balls/athletic activities

Other:
Please list any specific items from the categories above that are favorites.

2) List any activities your child does not seem to enjoy.
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3) What are you child's movie or TV preferences? Check any of the listed items they enjoy
and write in any other activities they enjoy. If they have a particular favorite from one of
the categories listed, such as a favorite Disney movie, please write it down.
Disney
Real-life
Animated/cartoons

Educational

Animal videos
Other:
Please list any specific items from the categories above that are favorites.

4) List any movies or TV shows your child does not seem to enjoy.

5) What are your child's favorite snacks? Check any of the listed items they enjoy and write
in any other activities they enjoy. If they have a particular favorite from one of the
categories listed, such as a favorite brand of chips, please write it down.
Candy
Fruit
Cookies

Crackers

Chips

Pretzels

Salty

Sweet

Other:
Please list any specific items from the categories above that are favorites.
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6) List any snacks your child does not seem to enjoy.

7) What are your child's favorite beverages? Check any of the listed items they enjoy and
write in any other activities they enjoy. If they have a particular favorite from one of the
categories listed, such as a favorite flavor of juice, please write it down.
Soda
Juice
Milk

Water

Other:
Please list any specific items from the categories above that are favorites.

8) List any beverages your child does not seem to enjoy.

9) What are your child's favorite books? Check any of the listed items they enjoy and write
in any other activities they enjoy. If they have a particular favorite from one of the
categories listed, such as a favorite picture book, please write it down.
Picture books
Pop-up books
Books with sound

Magazines/catalogs

Coloring books

Sticker books

Other:
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Please list any specific items from the categories above that are favorites.

10) List any books your child does not seem to enjoy?

11) What are your child's favorite songs?

12) What are your child's favorite interactive activities (e.g., Ring around the Rosie, Patty
Cake)?

13) What are your child's favorite characters (e.g., cartoon characters, super heroes)?

14) What are your child's favorite brands (e.g., a particular brand or maker of toys or candy)?

15) List any of your child's other strong preferences.
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16) List any of your child's other strong dislikes.

17) Are there any items or activities that you do not want us to use with your child?
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APPENDIX G
Preference Assessment Task Analysis and Data Sheet

Preference Assessment Procedure
1) Have the participant's parent or guardian fill out the Reinforcer Checklist. Additional
checklists can be completed by other significant others or by individuals working with the
participant in his or her educational placement.
2) Conduct a multiple stimulus without replacement (MSWO) preference assessment using
those items:
a. Arrange six potential preferred and two potential nonpreferred items (select these
items based on the completed Reinforcer Checklist(s). Record the name of each
item at the top of the data sheet below.
b. Allow the participant to approach and interact with the items for two minutes.
c. Remove all items from the participant's reach and re-arrange them.
d. Allow the participant to pick one.
e. Once the participant picks an item, he or she can play with it for 30 seconds or eat it
if it is an edible item.
f. At the end of the 30 seconds, remove that item from view and allow the participant to
select another item. Repeat this process until all items have been chosen.
i. If a choice is not made within 30 seconds, encourage a choice (e.g., say "pick
something to play with!").
ii. If a choice is not made within 30 seconds of this prompt, score all items left in
the array as not chosen at all.
g. Repeat the entire process five times. Each time, record the order in which all items
were selected.
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Participant:

Date:

Behavior Aide:

Start Time:

Data Collector:

End Time:

IOA:

Treatment Integrity:

List of Items:
A._______________

B._______________

C._______________

D._______________

E._______________

F._______________

G._______________

H._______________

Preference Assessment #1

Preference Assessment #2

Order of items

# times chosen/

Order of items

# times chosen/

selected

# of times available

selected

# times available

1.

1.

2.

2.

3.

3.

4.

4.

5.

5.

6.

6.

7.

7.

8.

8.

Preference Assessment #3

Preference Assessment #4

Order of items

# times chosen/

Order of items

# times chosen/

selected

# of times available

selected

# times available

1.

1.

2.

2.

3.

3.

4.

4.

5.

5.

6.

6.

7.

7.

8.

8.
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Preference Assessment #5

Summary (high to low)

Order of items

# times chosen/

Item

selected

# of times available

1.

1.

2.

2.

3.

3.

4.

4.

5.

5.

6.

6.

7.

7.

8.

8.

Total % Selected

3) Graph the items on the template below.
4) Sort the items into the following categories. The items chosen the most often should go in
the "Preferred" category, those chosen not at all or the least should go in the "NonPreferred" category, and the items in-between should go in the "Neutral" category.
Preferred

Non-Preferred
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Neutral

APPENDIX H
PECS Phase 1 Task Analysis and Data Sheet
Picture Exchange

Client Name: _____________________
Start Date:
/ /
.
Target Completion Date:
/ /
.

Actual Completion Date:

/

/

.

Objective:
Given the presence of a reinforcer, motivation for that reinforcer, and a picture of the
reinforcer, the student will independently mand for the reinforcer by picking up the picture and
exchanging it with a communicative partner for at least 90% of opportunities for at least five
difference reinforcers, as measured by staff recording.
Phase Change Criteria:
Three consecutive sessions with at least 80% correct responding OR two consecutive sessions
with at least 90% correct responding.
Termination/Mastery Criteria (for last phase):
Three consecutive sessions with at least 90% correct responding.
General Teaching Procedure:
• The preferred item should be in sight. A picture of the item should be in between the
student and the item itself.
• The communicative partner should be seated across from the student. The communicative
partner will accept the picture exchange, deliver reinforcement, and deliver all prompts.
• If the student reaches for, points to, or otherwise demonstrates motivation for the item,
provide prompts as specified for the phase (either full physical, gestural, or no prompt).
• If the student does not complete a correct response as specified by the phase, provide the
level of prompt specified in the previous phase. Continue in this manner until a correct
response is achieved.
o If the student resists the prompts, conduct a high-probability task followed by a brief
preference assessment. Then begin the next trial.
• At any time after the student reaches for the preferred item, the communicative partner
can provide an open-hand prompt by having his/her hand held out with the palm up.
Data Collection:
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Record the following for each step of the picture exchange (i.e., pick up, reach, and release)
(+)
Independent
(-)
Prompted
Record the picture and reinforcer used for each trial.
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2

1

Phase

Materials: Variety
of preferred items
(identified by
preference
assessment) and
corresponding
pictures.

SD: None
The preferred item should be in sight. A
picture of the item should be in
between the student and the item itself.
If the student reaches for, points to, or
otherwise demonstrates motivation for
the item, block access and provide an
immediate physical prompt for the
student to pick up the picture and reach
toward the partner. Wait for the
student to independently release the
picture into the partner's hand. An
open-hand prompt can be provided.

The preferred item should be in sight. A
picture of the item should be in
between the student and the item itself.
Materials: Variety If the student reaches for, points to, or
of preferred items otherwise demonstrates motivation for
the item, provide an immediate full
(identified by
physical prompt for the student to pick
preference
up the picture, reach toward the
assessment) and
partner, and place the picture in the
corresponding
partner's hand. An open-hand prompt
pictures.
can be provided.

SD: None

Procedure

Student Response:
Student does not resist
prompt and releases the
picture into the partner's
hand.
Aide Response: Deliver
preferred item while
simultaneously labeling
the item. Provide praise
AFTER the label (e.g.,
“Ball, thank you for
asking!”)

Student Response: Does
not resist physical
prompt.
Aide Response: Deliver
preferred item while
simultaneously labeling
the item. Provide praise
AFTER the label (e.g.,
“Ball, thank you for
asking!”)

Correct Response

Student Response:
Student (1) resists
physical prompt or (2)
does not place picture in
your hand.
Aide Response: Return
to the previous phase for
the rest of the trial.

Aide Response: Conduct
a high-probability task
followed by a brief
preference assessment.
Then begin the next trial.

Student Response:
Resists physical prompt.

Incorrect Response
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4

3

Materials: Variety
of preferred items
(identified by
preference
assessment) and
corresponding
pictures.

SD: None

Materials: Variety
of preferred items
(identified by
preference
assessment) and
corresponding
pictures.

SD: None

The preferred item should be in sight. A
picture of the item should be in
between the student and the item itself.
Do not provide any prompts other than
an open-hand prompt.

The preferred item should be in sight. A
picture of the item should be in
between the student and the item itself.
If the student reaches for, points to, or
otherwise demonstrates motivation for
the item, block access and provide an
immediate physical prompt for the
student to pick up the picture. Wait for
the student to reach toward the partner
and release the picture into the
partner's hand independently. An openhand prompt can be provided.

Student Response:
Student picks up the
picture, reaches toward
the partner, and releases
the picture into the
partner's hand.
Aide Response: Deliver
preferred item while
simultaneously labeling
the item. Provide praise
AFTER the label (e.g.,
“Ball, thank you for
asking!”)

Student Response:
Student does not resist
the prompt, reaches
toward the partner, and
releases the picture into
the partner's hand.
Aide Response: Deliver
preferred item while
simultaneously labeling
the item. Provide praise
AFTER the label (e.g.,
“Ball, thank you for
asking!”)

Aide Response: Return
to the previous phase for
the rest of the trial.

Student Response:
Student does not pick up
the picture and place it in
your hand.

Aide Response: Return
to the previous phase for
the rest of the trial.

Student Response:
Student does not pick up
the picture and place it in
your hand.

Phase/Target

Date
Introduced

Date
Mastered

Notes

1
2
3
4

137

138

APPENDIX I
PECS Phase 2 Task Analysis and Data Sheet
Picture Exchange - Distance & Persistence
Client Name: _____________________
Start Date:
/ /
.
Target Completion Date:
/ /
.

Actual Completion Date:

/

/

.

Objective:
Given the presence of a reinforcer, motivation for that reinforcer, and a picture of the
reinforcer, the student will independently mand for the reinforcer within five seconds of
demonstrating motivation for that reinforcer (e.g., reaching for it or pointing to it) by looking
for the picture, walking to it, picking it up, gaining a communicative partner's attention, and
exchanging it with a communicative partner for at least 90% of opportunities for at least five
difference reinforcers, as measured by staff recording.
Phase Change Criteria:
Three consecutive sessions with at least 80% correct responding OR two consecutive sessions
with at least 90% correct responding.
Termination/Mastery Criteria (for last phase):
Three consecutive sessions with at least 90% correct responding.
General Teaching Procedure
• Use the set-up specified in each phase.
o The first phase introduces the communication book and subsequent phases
introduce distance and persistence.
• The communicative partner will accept the picture exchange, deliver reinforcement, and
deliver all prompts.
• Use least-to-most prompts for exchanging the picture with a five-second delay between
each prompt level.
o Gestural prompt (pointing).
o Partial physical prompt.
o Full physical prompt.
• Label the item and provide praise after an exchange.
Data Collection/Prompting:
Record the following for each step of the total exchange (i.e., travel to book, travel to partner,
and exchange)
(+)
Independent
(-)
Prompted
Record the picture and reinforcer used for each trial.
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2

1

Phase

Student Response:
Student picks up the
picture, walks to the
partner, and completes
the exchange.
Aide Response: Deliver
preferred item while
simultaneously labeling
the item. Provide praise
AFTER the label (e.g.,
“Ball, thank you for
asking!”)

SD: None

The communicative partner should hold
the preferred item or have it next to him
or her (the student should be able to see
it). The communicative partner should sit
five feet away from the student. A
Materials: Variety communication book with a picture of the
of preferred items preferred item on it should be in between
the student and the communicative
(identified by
partner. The picture can be on any strip
preference
except the one furthest to the left. The
assessment) and
partner may play with the toy and hold
corresponding
out an open hand as a prompt for the
pictures.
student to approach and exchange the
picture.

Student Response:
Student picks up the
picture, reaches toward
the partner, and releases
the picture into the
partner's hand.
Aide Response: Deliver
preferred item while
simultaneously labeling
the item. Provide praise
AFTER the label (e.g.,
“Ball, thank you for
asking!”)

Correct Response

The communicative partner should hold
the preferred item or have it next to him
or her (the student should be able to see
it). The communicative partner should sit
across from the student. A
communication book with a picture of the
Materials: Variety preferred item on it should be in between
of preferred items the student and the communicative
partner, who should be within a foot of
(identified by
each other. The picture can be on any
preference
strip except the one furthest to the left.
assessment) and
corresponding
pictures.

SD: None

Procedure

Student Response:
Student does not pick up
the picture, walk to the
partner, or complete the
exchange.
Aide Response: Leastto-most prompting with
a five-second delay
between each prompt
level.

Aide Response: Leastto-most prompting with
a five-second delay
between each prompt
level.

Student Response:
Student does not pick up
the picture and place it
in your hand.

Incorrect Response
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3

The communicative partner should hold
the preferred item or have it next to him
or her (the student should be able to see
it). The communicative partner should sit
five feet away from the student. A
Materials: Variety communication book with a picture of
of preferred items the preferred item on it should be five
feet away from both the student and the
(identified by
communicative partner. The picture can
preference
be on any strip except the one furthest to
assessment) and
the left. The partner may play with the
corresponding
toy and hold out an open hand as a
pictures.
prompt for the student to approach and
exchange the picture.

SD: None
Student Response:
Student picks up the
picture, walks to the
partner, and completes
the exchange.
Aide Response: Deliver
preferred item while
simultaneously labeling
the item. Provide praise
AFTER the label (e.g.,
“Ball, thank you for
asking!”)

Student Response:
Student does not pick up
the picture, walk to the
partner, or complete the
exchange.
Aide Response: Leastto-most prompting with
a five-second delay
between each prompt
level.
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4

The communicative partner should hold
the preferred item or have it next to him
or her (the student should be able to see
it). The communicative partner should sit
five feet away from the student. A
communication book with a picture of the
Materials: Variety preferred item on it should be five feet
of preferred items away from both the student and the
communicative partner. The picture can
(identified by
be on any strip except the one furthest to
preference
the left. The communicative partner may
assessment) and
play with the toy should not provide an
corresponding
open hand prompt. He/she should look
pictures.
away from the student and hold his/her
hands in his/her lap or at his/her side. As
soon as the student attempts to put the
picture in the partner's hand, the partner
should complete the exchange.

SD: None
Student Response:
Student picks up the
picture, walks to the
partner, and attempts to
put the picture in the
partner's hand.
Aide Response: Deliver
preferred item while
simultaneously labeling
the item. Provide praise
AFTER the label (e.g.,
“Ball, thank you for
asking!”)

Student Response:
Student does not pick up
the picture, walk to the
partner, or attempt to
put the picture in the
partner's hand.
Aide Response: Leastto-most prompting with
a five-second delay
between each prompt
level.
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5

The communicative partner should hold
the preferred item or have it next to
him or her (the student should be able
to see it). The communicative partner
should sit five feet away from the
student. A communication book with a
picture of the preferred item on it
Materials: Variety should be five feet away from both the
of preferred items student and the communicative
partner. The picture can be on any strip
(identified by
except the one furthest to the left. The
preference
communicative partner may play with
assessment) and
the toy should not provide an open
corresponding
hand prompt. He/she should look away
pictures.
from the student and hold his/her
hands in his/her lap or at his/her side.
Once the student tries to put the
picture in the partner's hand, the
partner must wait five seconds. The
student must persist for the duration
of this five second period (i.e., continue
trying to put the picture in the partner's
hand.

SD: None
Student Response:
Student picks up the
picture, walks to the
partner, attempts to put
the picture in the
partner's hand, and
persists for five seconds.
Aide Response: Deliver
preferred item while
simultaneously labeling
the item. Provide praise
AFTER the label (e.g.,
“Ball, thank you for
asking!”)

Student Response:
Student does not pick up
the picture, walk to the
partner, attempt to put
the picture in the partner's
hand, or persist for five
seconds.
Aide Response: Least-tomost prompting with a
five-second delay between
each prompt level.
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6

The communicative partner should hold
the preferred item or have it next to
him or her (the student should be able
to see it). The communicative partner
should sit five feet away from the
student. A communication book with a
picture of the preferred item on it
Materials: Variety should be five feet away from both the
of preferred items student and the communicative
partner. The picture can be on any strip
(identified by
except the one furthest to the left. The
preference
communicative partner may play with
assessment) and
the toy should not provide an open
corresponding
hand prompt. He/she should look away
pictures.
from the student and hold his/her
hands in his/her lap or at his/her side.
Once the student tries to put the
picture in the partner's hand, the
partner must wait five seconds. The
student must persist for the duration
of this ten second period (i.e., continue
trying to put the picture in the partner's
hand.

SD: None
Student Response:
Student picks up the
picture, walks to the
partner, attempts to put
the picture in the
partner's hand, and
persists for ten seconds.
Aide Response: Deliver
preferred item while
simultaneously labeling
the item. Provide praise
AFTER the label (e.g.,
“Ball, thank you for
asking!”)

Student Response:
Student does not pick up
the picture, walk to the
partner, attempt to put
the picture in the partner's
hand, or persist for ten
seconds.
Aide Response: Least-tomost prompting with a
five-second delay between
each prompt level.

Phase/Target

Date
Introduced

Date
Mastered

Notes

1
2
3
4
5
6
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APPENDIX J
PECS Phase 3 Task Analysis and Data Sheet
Picture Exchange - Discrimination

Client Name: _____________________
Start Date:
/ /
.
Target Completion Date:
/ /
.

Actual Completion Date:

/

/

.

Objective:
Given the presence of a reinforcer, motivation for that reinforcer, and at least two pictures, the
student will independently mand for the reinforcer within five seconds of demonstrating
motivation for that reinforcer (e.g., reaching for it or pointing to it) by choosing the correct
picture and exchanging it with a communicative partner for at least 90% of opportunities for at
least five difference reinforcers, as measured by staff recording.
Phase Change Criteria:
Three consecutive sessions with at least 80% correct responding OR two consecutive sessions
with at least 90% correct responding.
Termination/Mastery Criteria (for last phase):
Three consecutive sessions with at least 90% correct responding.
General Teaching Procedure
• Use the set-up of pictures on the book specified in each phase.
• Continue to incorporate distance and persistence during at least 50% of trials.
• The communicative partner will accept the picture exchange, deliver reinforcement, and
deliver all prompts.
• Use least-to-most prompts if an incorrect response is made during the actual exchange.
o Gestural prompt (pointing).
o Partial physical prompt.
o Full physical prompt.
• Conduct a correspondence check for at least 50% of trials:
o Instead of providing the reinforcer immediately after the exchange, hold out both
items represented by the available pictures and say "go ahead, take it" or something
similar.
• Use the four-step error correction if the student selects the incorrect picture (i.e., selects
the non-preferred picture or rejects the item during a correspondence check.
o Model the correct response by pointing to the picture of the desired item.
o Prompt a correct picture exchange, but do not deliver the requested item (only label
it).
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•

o Switch or distract the participant by delivering a simple request and reinforce
compliance with verbal praise.
o Repeat the trial by allowing the participant to independently select and exchange a
picture. Repeat the four steps up to two more times.
Label the item and provide praise after an exchange.

Data Collection/Prompting:
Record the following for the picture exchange and correspondence check
(+)
Independent exchange/chose correct item
(-)
Prompted exchange/chose incorrect item or did not choose
Record the pictures available and the reinforcer chosen each trial.
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1

Phase

Two pictures should be on the book, one
of a preferred item and one of a nonpreferred item. The pictures can be on
any strips except the one furthest to the
left. Vary the positions of the pictures
Materials: Variety each trial.
The student should independently
of preferred and
complete the exchange as taught in the
non-preferred
previous programs. Conduct
items (identified
correspondence checks for at least 50% of
by preference
trials conducted by holding out both items
assessment) and
represented by the pictures and saying
corresponding
"go ahead, take it" or something similar.
pictures.

SD: None

Procedure

Aide Response: Deliver
preferred item while
simultaneously labeling
the item. Provide praise
AFTER the label (e.g.,
“Ball, thank you for
asking!”)

Student Response:
Student selects the
picture of the preferred
item and exchanges it.

Correct Response

Student Response:
Student does not select
the picture of the
preferred item or
exchange it.
Aide Response: Use
least-to-most prompts
for errors with the
exchange and the fourstep error correction for
errors with
discrimination.

Incorrect Response
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2

Two pictures should be on the book,
both of preferred items. The pictures can
be on any strips except the one furthest
to the left. Vary the positions of the
pictures each trial.
The student should independently
complete the exchange as taught in the
Materials: Variety previous programs. Conduct
of preferred items correspondence checks for at least 50% of
trials conducted by holding out both items
(identified by
represented by the pictures and saying
preference
"go ahead, take it" or something similar.
assessment) and
If the student does not succeed on this
corresponding
phase, a subphase can be introduced
pictures.
using a preferred and a neutral item.

SD: None

Aide Response: Deliver
preferred item while
simultaneously labeling
the item. Provide praise
AFTER the label (e.g.,
“Ball, thank you for
asking!”)

Student Response:
Student selects the
picture of the desired
item and exchanges it.

Student Response:
Student does not select
the picture of the desired
item or exchange it
(student rejects the item
during the
correspondence check)
Aide Response: Use
least-to-most prompts
for errors with the
exchange and the fourstep error correction for
errors with
discrimination.

Phase/Target

Date
Introduced

Date
Mastered

Notes

1
2
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APPENDIX K
PECS Phase 4 Task Analysis and Data Sheet
Picture Exchange – Sentence Strip
Client Name: _____________________
Start Date:
/ /
.
Target Completion Date:
/ /
.

Actual Completion Date:

/

/

.

Objective:
Given the presence of a reinforcer, motivation for that reinforcer, and at least two pictures, the
student will independently mand for the reinforcer within five seconds of demonstrating
motivation for that reinforcer (e.g., reaching for it or pointing to it) by placing an "I want" icon
on the sentence strip, choosing the correct picture of the preferred item and placing it on the
sentence strip to the right of the "I want" picture, and exchanging the sentence strip with a
communicative partner for at least 90% of opportunities for at least five difference reinforcers,
as measured by staff recording.
Phase Change Criteria:
Three consecutive sessions with at least 80% correct responding OR two consecutive sessions
with at least 90% correct responding.
Termination/Mastery Criteria (for last phase):
Three consecutive sessions with at least 90% correct responding.
General Teaching Procedure
• Use the set-up of pictures and sentence strip on the book specified in each phase.
• Continue to incorporate distance and persistence during at least 50% of trials.
• Have at least two pictures on the book at all time for discrimination.
• The communicative partner will accept the picture exchange, deliver reinforcement, and
deliver all prompts.
• Use least-to-most prompts if an incorrect response is made during the actual exchange.
o Gestural prompt (pointing).
o Partial physical prompt.
o Full physical prompt.
• Conduct a correspondence check for at least 50% of trials:
o Instead of providing the reinforcer immediately after the exchange, hold out both
items represented by the available pictures and say "go ahead, take it" or something
similar.
• Use the four-step error correction if the student selects the incorrect picture (i.e., selects
the non-preferred picture or rejects the item during a correspondence check.
o Model the correct response by pointing to the picture of the desired item.
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•

o Prompt a correct picture exchange, but do not deliver the requested item (only label
it).
o Switch or distract the participant by delivering a simple request and reinforce
compliance with verbal praise.
o Repeat the trial by allowing the participant to independently select and exchange a
picture. Repeat the four steps up to two more times.
Label the item and provide praise after an exchange.

Data Collection/Prompting:
Record the following for the picture exchange and correspondence check
(+)
Independent exchange/chose correct item
(-)
Prompted exchange/chose incorrect item or did not choose
Record (Y) or (N) to indicate whether the student vocalizes during the Phase 4 time delay.
Record (N/A) in this column for all other phases. The exact nature of the vocalization will be
recorded on the session data sheet for dependent variables.
Record the pictures available and the reinforcer chosen each trial.
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1-A

Phase

The "I want" icon should be on the left
side of the sentence strip. The pictures of
preferred items can be on any strips
except the one furthest to the left. Vary
the positions of the pictures each trial.
Once the student picks up a picture,
Materials: Variety provide a physical prompt for him/her to
of preferred items place the picture on the right side of the
sentence strip, pick up the sentence strip,
(identified by
and exchange it.
preference
After the exchange, read the sentence
assessment) and
strip out loud while prompting the student
corresponding
to point to each picture.
pictures.
Conduct correspondence checks for at
least 50% of trials conducted by holding
out both items represented by the
pictures and saying "go ahead, take it" or
something similar.

SD: None

Procedure
Student Response:
Student selects the
picture of the preferred
item and does not resist
the physical prompts for
remaining steps.
Aide Response: Deliver
preferred item paired
with praise.

Correct Response

Student Response:
Student does not select
the picture of the
preferred item or resists
the physical prompts for
the remaining steps.
Aide Response: For
prompt resistance,
conduct a highprobability task followed
by a brief preference
assessment. Then begin
the next trial.
Use the four-step error
correction for errors with
discrimination

Incorrect Response
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1-B

The "I want" icon should be on the left
side of the sentence strip. The pictures of
preferred items can be on any strips
except the one furthest to the left. Vary
the positions of the pictures each trial.
Once the student picks up a picture,
provide a physical prompt for him/her to
place the picture on the right side of the
Materials: Variety sentence strip. Wait for the student to
of preferred items independently pick up the sentence strip
and exchange it.
(identified by
After the exchange, read the sentence
preference
strip out loud while prompting the student
assessment) and
to point to each picture.
corresponding
Conduct correspondence checks for at
pictures.
least 50% of trials conducted by holding
out both items represented by the
pictures and saying "go ahead, take it" or
something similar.

SD: None
Student Response:
Student selects the
picture of the preferred
item, and does not resist
the physical prompts for
placing it on the strip,
and exchanges the
sentence strip.
Aide Response: Deliver
preferred item paired
with praise.

Student Response:
Student does not select
the picture of the
preferred item, resists
the physical prompts for
placing it on the strip, or
does not exchange the
sentence strip.
Aide Response: For
prompt resistance,
conduct a highprobability task followed
by a brief preference
assessment. Then begin
the next trial.
Use least-to-most
prompts for errors with
the exchange and the
four-step error
correction for errors with
discrimination.

157

1-C

The "I want" icon should be on the left
side of the sentence strip. The pictures of
preferred items can be on any strips
except the one furthest to the left. Vary
the positions of the pictures each trial.
Wait for the student to independently
Materials: Variety place the picture on the right side of the
of preferred items sentence strip, pick up the sentence strip,
and exchange it.
(identified by
After the exchange, read the sentence
preference
strip out loud while prompting the student
assessment) and
to point to each picture.
corresponding
Conduct correspondence checks for at
pictures.
least 50% of trials conducted by holding
out both items represented by the
pictures and saying "go ahead, take it" or
something similar.

SD: None
Student Response:
Student selects the
picture of the preferred
item, places it on the
strip, and exchanges the
strip.
Aide Response: Deliver
preferred item paired
with praise.

Student Response:
Student does not select
the picture of the
preferred item, place it
on the strip, or exchange
the strip.
Aide Response: Use
least-to-most prompts
for errors with the
exchange and the fourstep error correction for
errors with
discrimination.
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2-A

The "I want" icon should be on the Velcro
strip furthest to the left. The pictures of
preferred items can be on any strips
except the one furthest to the left. Vary
the positions of the pictures each trial.
When the student reaches for the picture
of the preferred item, block this action
Materials: Variety and physically prompt the student to pick
of preferred items up the "I want" icon and put it on the
sentence strip. The student should
(identified by
complete the rest of the exchange
preference
independently.
assessment) and
After the exchange, read the sentence
corresponding
strip out loud while prompting the student
pictures.
to point to each picture.
Conduct correspondence checks for at
least 50% of trials conducted by holding
out both items represented by the
pictures and saying "go ahead, take it" or
something similar.

SD: None
Student Response:
Student does not resist
the physical prompts,
selects the picture of the
preferred item, places it
on the strip, and
exchanges the strip.
Aide Response: Deliver
preferred item paired
with praise.

Student Response:
Student resists the
physical prompts or does
not select the picture of
the preferred item, place
it on the strip, or
exchange the strip.
Aide Response: For
prompt resistance,
conduct a highprobability task followed
by a brief preference
assessment. Then begin
the next trial.
Use least-to-most
prompts for errors with
the exchange and the
four-step error
correction for errors with
discrimination.
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2-B

The "I want" icon should be on the Velcro
strip furthest to the left. The pictures of
preferred items can be on any strips
except the one furthest to the left. Vary
the positions of the pictures each trial.
When the student reaches for the picture
of the preferred item, block this action
and direct the student's hand to touch
the "I want" icon. Wait for the student to
Materials: Variety independently pick up the "I want" icon
of preferred items and put it on the sentence strip. The
student should complete the rest of the
(identified by
exchange independently.
preference
After the exchange, read the sentence
assessment) and
strip out loud while prompting the student
corresponding
to point to each picture.
pictures.
Conduct correspondence checks for at
least 50% of trials conducted by holding
out both items represented by the
pictures and saying "go ahead, take it" or
something similar.

SD: None
Student Response:
Student does not resist
the physical prompts,
places the "I want" icon
on the sentence strip,
selects the picture of the
preferred item, places it
on the strip, and
exchanges the strip.
Aide Response: Deliver
preferred item paired
with praise.

Student Response:
Student resists the
physical prompts or does
not place the "I want"
icon on the sentence
strip, select the picture
of the preferred item,
place it on the strip, or
exchange the strip.
Aide Response: For
prompt resistance,
conduct a highprobability task followed
by a brief preference
assessment. Then begin
the next trial.
Use least-to-most
prompts for errors with
the exchange and the
four-step error
correction for errors with
discrimination.
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2-C

The "I want" icon should be on the Velcro
strip furthest to the left. The pictures of
preferred items can be on any strips
except the one furthest to the left. Vary
Materials: Variety the positions of the pictures each trial.
of preferred items The student should independently place
the "I want" icon on the sentence strip
(identified by
and complete the rest of the exchange
preference
independently.
assessment) and
After the exchange, read the sentence
corresponding
strip out loud while prompting the student
pictures.
to point to each picture.
Conduct correspondence checks for at
least 50% of trials conducted by holding
out both items represented by the
pictures and saying "go ahead, take it" or
something similar.

SD: None

Aide Response: Deliver
preferred item paired
with praise.

Student Response:
Student completes the
entire exchange.

Student Response:
Student does not
complete the entire
exchange.
Aide Response: Use
least-to-most prompts
for errors with the
exchange and the fourstep error correction for
errors with
discrimination.
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3-A

The "I want" icon should be on the Velcro
strip furthest to the left. The pictures of
preferred items can be on any strips
except the one furthest to the left. Vary
the positions of the pictures each trial.
Materials: Variety The student should independently place
of preferred items the "I want" icon on the sentence strip
and complete the rest of the exchange
(identified by
independently.
preference
After the exchange, read the sentence
assessment) and
strip out loud while pointing to each
corresponding
picture to prompt the student to do the
pictures.
same. Read each "word" as the student
points to it.
Conduct correspondence checks for at
least 50% of trials conducted by holding
out both items represented by the
pictures and saying "go ahead, take it" or
something similar.

SD: None

Aide Response: Deliver
preferred item paired
with praise.

Student Response:
Student completes the
entire exchange and
points to each picture.

Student Response:
Student does not
complete the entire
exchange or point to
each picture.
Aide Response: Use
least-to-most prompts
for errors with the
exchange and the fourstep error correction for
errors with
discrimination. Provide a
physical prompt for
errors with pointing to
the pictures.

162

3-B

The "I want" icon should be on the Velcro
strip furthest to the left. The pictures of
preferred items can be on any strips
except the one furthest to the left. Vary
the positions of the pictures each trial.
Materials: Variety The student should independently place
of preferred items the "I want" icon on the sentence strip
and complete the rest of the exchange
(identified by
independently.
preference
After the exchange, read the sentence
assessment) and
strip out loud while waiting for the
corresponding
student to point to each picture
pictures.
independently. Read each "word" as the
student points to it.
Conduct correspondence checks for at
least 50% of trials conducted by holding
out both items represented by the
pictures and saying "go ahead, take it" or
something similar.

SD: None

Aide Response: Deliver
preferred item paired
with praise.

Student Response:
Student completes the
entire exchange and
points to each picture.

Student Response:
Student does not
complete the entire
exchange or point to
each picture.
Aide Response: Use
least-to-most prompts
for errors with the
exchange and the fourstep error correction for
errors with
discrimination. Provide a
physical prompt for
errors with pointing to
the pictures.
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4-A

The "I want" icon should be on the Velcro
strip furthest to the left. The pictures of
preferred items can be on any strips
except the one furthest to the left. Vary
the positions of the pictures each trial.
Materials: Variety The student should independently place
of preferred items the "I want" icon on the sentence strip
and complete the rest of the exchange
(identified by
independently.
preference
After the exchange, hold the sentence
assessment) and
strip and wait for the student to point to
corresponding
the first picture. Once he or she points to
pictures.
the picture, wait five seconds before
reading it out loud. If the student
vocalizes the word, repeat the process
for the second picture. If the student
vocalizes the whole phrase, provide the
reinforcer immediately.
Conduct correspondence checks for at
least 50% of trials conducted by holding
out both items represented by the
pictures and saying "go ahead, take it" or
something similar.

SD: None

Aide Response: Deliver
preferred item paired
with praise.

Student Response:
Student completes the
entire exchange and
points to each picture.

Student Response:
Student does not
complete the entire
exchange or point to
each picture.
Aide Response: Use
least-to-most prompts
for errors with the
exchange and the fourstep error correction for
errors with
discrimination. Provide a
physical prompt for
errors with pointing to
the pictures.

Phase/Target

Date
Introduced

Date
Mastered

Notes

1-A
1-B
1-C
2-A
2-B
2-C
3-A
3-B
4
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APPENDIX L
Interobserver Agreement Worksheet
Interobserver Agreement Worksheet
1) Enter all session information for which interobserver agreement (IOA) was collected in
the top portion of the worksheet.
2) Compare both data sheets side by side. Compare each corresponding data point and
count the total number of agreements and disagreements. Enter the totals in the
appropriate blanks below.
a. An agreement is counted if both each corresponding datum matches the other.
b. A disagreement is counted if the corresponding data do not match each other.
c. If one data sheet has more data points that the other, each extra data point is
also counted as a disagreement.
3) Complete the worksheet to determine the percentage of IOA for the session.
Participant:

Date:

Behavior Aide:

Start Time:

Data Collector:

Session Type:

IOA:

Treatment Integrity:

Total Agreements:

End Time:

Total Disagreements:

𝑇𝑜𝑡𝑎𝑙#𝐴𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡𝑠
=
𝑇𝑜𝑡𝑎𝑙#𝐶𝑜𝑚𝑏𝑖𝑛𝑒𝑑
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Total Combined:

=

APPENDIX M
Treatment Integrity Checklists
Treatment Integrity Checklists
1) Whenever an opportunity to complete one of the listed steps occurs, place a tally in the
appropriate box to indicate whether that step was completed correctly or incorrectly as
specified by the relevant program.
2) To calculate treatment integrity, divide the total number of "correct" tallies by the overall
total number of tallies (i.e., "correct" and "incorrect" added together).
3) If IOA was collected for treatment integrity, use the Interobserver Agreement Worksheet to
calculate the IOA score.
Generalized Imitation Test
Participant:

Date:

Behavior Aide:

Start Time:

Data Collector:

IOA:
Step

# of Opp. Correct

Antecedent
Student is looking at teacher
State "do this"
Present model simultaneous with instruction
Consequence
State "okay" after student responds OR after five
seconds with no response
"Okay" stated in neutral tone of voice
Does not deliver any other form of
reinforcement or error correction
Treatment Integrity Score
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End Time:

# of Opp. Incorrect

Imitation Training
Participant:

Date:

Behavior Aide:

Start Time:

Data Collector:

Phase:

End Time:

IOA:
Step
Antecedent
Student is looking at teacher
State "do this"
Present model simultaneous with instruction
Reinforcement
Delivered contingent on correct response as
defined by phase
Delivered immediately
Effective (as identified by brief preference
assessment)
Edible or tangible paired with praise
Enthusiastic intonation
Error Correction
High-p procedure used if physical prompts are
resisted
Incorrect responses blocked
Prompt delivered after appropriate amount of
time as defined by phase
Treatment Integrity Score
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# of Opp. Correct

# of Opp. Incorrect

Preference Assessment
Participant:

Date:

Behavior Aide:

Start Time:

Data Collector:

IOA:

Step
Present items in a group of 8
Participant plays 2 minutes before first trial
Participant given 30 seconds to choose item
If not choice after 30 seconds, prompt given to
pick one
Trial terminated if still no choice after 30 seconds
Participant plays with item 30 seconds
Item withdrawn while other items remain
present
Treatment Integrity Score
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# of Opp. Correct

End Time:

# of Opp. Incorrect

Picture Exchange
Participant:

Date:

Behavior Aide:

Start Time:

Data Collector:

Phase:

End Time:

IOA:

Step

# of Opp. Correct

Antecedent
Preferred item in sight
Picture of item in between student and item
Student and communicative partner seated
across from each other
If prompting is specified in phase, prompt is
delivered as soon as the student reaches for,
points to, or otherwise demonstrates motivation
for the item
Reinforcement
Delivered contingent on correct response as
defined by phase
Item labeled before praise statement
Praise statement included
Item presented simultaneously with label/praise
Access for 30 seconds
Error Correction
Level of prompt specified in previous phase
delivered contingent on incorrect response
High-p procedure used if physical prompts are
resisted
Prompt delivered after appropriate amount of
time as defined by phase
Treatment Integrity Score
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# of Opp. Incorrect

Picture Exchange – Distance & Persistence
Participant:

Date:

Behavior Aide:

Start Time:

Data Collector:

Phase:

End Time:

IOA:

Step

# of Opp. Correct

Antecedent
Preferred item in sight
Picture of item on communication book
Appropriate distance between student and
partner, as defined by phase
Appropriate distance between student and book,
as defined by phase
Reinforcement
Delivered contingent on correct response as
defined by phase
Item labeled before praise statement
Praise statement included
Item presented simultaneously with label/praise
Access for 30 seconds
Error Correction
Gestural prompt used first
Partial physical prompt used second
Full physical prompt used third
High-p procedure used if physical prompts are
resisted
5 second wait between each prompt level
Treatment Integrity Score
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# of Opp. Incorrect

Picture Exchange – Discrimination
Participant:
Behavior Aide:

Date:
Start Time:

Data Collector:
IOA:

Phase:

Step
Antecedent
Preferred item in sight
Picture of preferred item on communication book
Second picture on book of either preferred or nonpreferred, as defined by phase
Reinforcement
Delivered contingent on correct response as defined by
phase
Item labeled before praise statement
Praise statement included
Item presented simultaneously with label/praise
Access for 30 seconds
Error Correction – Error with Exchange
Gestural prompt used first
Partial physical prompt used second
Full physical prompt used third
High-p procedure used if physical prompts are resisted
5 second wait between each prompt level
Error Correction – Error With Discrimination
Model correct response by pointing to correct picture
Prompt a correct picture exchange as needed
Do not deliver item
Switch or distract by conducting a high-p
Reinforcer with praise
Re-start trial
Repeat as needed
If correct response not achieved after three times through
this process, remove second picture from book and
conduct a trial
Correspondence Checks*
Tally whether it occurred each trial
Percent:
Distance and Persistence*
Tally whether it occurred each trial
Percent:
Treatment Integrity Score

End Time:

# of Opp. Correct

# of Opp. Incorrect

Occurred

Did Not Occur

Occurred

Did Not Occur

*Must occur for 50% of trials. If it did not occur for 50% of all trials, each trial needed to achieve 50% counts as an
incorrect implementation
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Picture Exchange – Sentence Strip
Participant:
Behavior Aide:

Date:
Start Time:

Data Collector:
IOA:

Phase:

Step
Antecedent
Preferred item in sight
At least two pictures on book
"I want" icon in correct location as defined by phase
Prompts delivered as specified in phase
Reinforcement
Delivered contingent on correct response as defined by
phase
Item labeled before praise statement
Praise statement included
Item presented simultaneously with label/praise
Access for 30 seconds
Error Correction – Error with Exchange
Gestural prompt used first
Partial physical prompt used second
Full physical prompt used third
High-p procedure used if physical prompts are resisted
5 second wait between each prompt level
Error Correction – Error With Discrimination
Model correct response by pointing to correct picture
Prompt a correct picture exchange as needed
Do not deliver item
Switch or distract by conducting a high-p
Reinforcer with praise
Re-start trial
Repeat as needed
If correct response not achieved after three times through
this process, remove second picture from book and
conduct a trial
Correspondence Checks*
Tally whether it occurred each trial
Percent:
Distance and Persistence*
Tally whether it occurred each trial
Percent:
Treatment Integrity Score

End Time:

# of Opp. Correct

# of Opp. Incorrect

Occurred

Did Not Occur

Occurred

Did Not Occur

*Must occur for 50% of trials. If it did not occur for 50% of all trials, each trial needed to achieve 50% counts as an
incorrect implementation
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Baseline/Dependent Variable Probes
Participant:

Date:

Behavior Aide:

Start Time:

Data Collector:

IOA:

Step
# of Opp. Correct
Antecedent (before a mand occurs/between mands)
8 items present.
PECS book with matching icons present.
No access to items.
Consequence (after mand)
Deliver item immediately.
Label item when delivered.
Access given for 30 seconds or until participant
finishes with item.
Treatment Integrity Score
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End Time:

# of Opp. Incorrect

Motivating Operation Assessment
Participant:

Date:

Behavior Aide:

Start Time:

Data Collector:

IOA:

Step
Present free access to one item.
Restrict access to second item.
Have icons for both items available (for PECS
sessions only).
If exchange occurs for either item, remove both
icons for 30 seconds (for PECS sessions only).
If exchange occurs for restricted item, provide
for 30 seconds (free item continues to be
available).
Treatment Integrity Score
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# of Opp.Correct

End Time:

# of Opp. Incorrect

APPENDIX N
Interobserver Agreement and Treatment Integrity Scores Per Participant
IOA Average (Range)

Treatment Integrity
Average (Range)

Treatment Integrity IOA
Average (Range)

Marty

96.50% (80% - 100%)

92.64% (81% - 100%)

91.69% (80% - 100%)

Lacey

94.10% (80% - 100%)

94.27% (81% - 100%)

91.07% (85% - 100%)

Sabrina

94.91% (80% - 100%)

98.24% (87% - 100%)

94.93% (82% - 100%)

Charles

95.31% (83% - 100%)

98.08% (83% - 100%)

93.70% (80% - 100%)

Thomas

93.76% (80% - 100%)

97.88% (83% - 100%)

93.61% (85% - 100%)

Monica

94.76% (80% - 100%)

96.94% (88% - 100%)

95.63% (85% - 100%)

Jack

95.48% (82% - 100%)

95.82% (84% - 100%)

93.90% (83% - 100%)
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APPENDIX P
Literature Review

A Review of Research on Teaching Imitation to Children with Autism Spectrum Disorder: A
Call for Further Research
Mindy K. Newhouse-Oisten
Jessica E. Frieder
Western Michigan University
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Abstract
Many children diagnosed with autism spectrum disorder and other developmental
disabilities demonstrate deficits in imitation skills. Imitation is an important skill that allows
individuals to learn through copying others, negating the need for more intrusive teaching
procedures (e.g., physical prompts). A generalized imitative repertoire has many other important
benefits, as well. Thus, the need for effective interventions for teaching imitation to individuals
with autism is crucial. This review examined articles describing empirical investigations of
interventions attempting to teach imitation to children with autism and other developmental
disabilities lacking this repertoire. A summary of the procedures found in the research, the
results of procedures, and suggestions for future research in this area are provided.
Keywords: autism spectrum disorders, imitation training, early intervention, literature
review
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A Review of Research on Teaching Imitation to Children with Autism Spectrum Disorder: A
Call for Further Research
Throughout her graduate and undergraduate training, the first author had the opportunity
to gain first-hand experience teaching imitation to children with autism in an early childhood
special education classroom for children with autism, and in two different autism centers. She
also received multiple opportunities to observe imitation training in two other autism centers. In
these settings, she learned that many children with autism struggle to learn imitation. She also
learned that there are many different ways to teach imitation. She both observed and gained
experience in using such teaching strategies as least-to-most prompting, most-to-least prompting,
graduated guidance, and progressive time-delay. She learned that some children who struggle to
learn imitation with one teaching procedure were able to make progress when a different one was
applied. She saw that some children learned gross motor imitation before they learned
manipulative imitation, but that sometimes, when a child was not making progress, progress
could be made if manipulative imitation was taught before simple motor imitation. She also
learned that some children did not make progress using any of the strategies she learned from her
supervisors and mentors. She turned to the research literature to seek further guidance to try to
help those children, but she struggled to find any empirical research on the imitation training
procedures she had become accustomed to. Further, the amount of research she was able to find
on teaching imitation to children with autism seemed quite limited in comparison to what she
found when she consulted the literature for procedures on teaching skills such as communication.
She decided to conduct a literature review to try to find more information regarding imitation
training procedures, in the hopes that this could pave the way for future research, which could in
turn help refine current interventions.
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Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by
deficits in social communication and social interaction, and engagement in restricted or repetitive
activities (American Psychiatric Association, 2013). Since the publication of the fifth edition of
the Diagnostic and Statistical Manual of Mental Disorders, the diagnosis of ASD has been
broadened to include children previously given other developmental disability diagnoses,
including the former diagnoses of autistic disorder, Asperger’s disorder, childhood disintegrative
disorder, Rett’s disorder, and pervasive developmental disorder not otherwise specified
(American Psychiatric Association, 2013). Throughout the remainder of this manuscript, “ASD”
will be used to encompass all such disorders, except when specific participants of various studies
are described, at which time the authors will use the diagnosis listed in the written description of
each study. Children with a diagnosis of ASD exhibit many skill deficits that make it difficult
for them to attain levels of social and occupational functioning commensurate with their
typically developing peers.
One such skill deficit that is common in children diagnosed with ASD is imitation. Smith
and Bryson (1994) reviewed previous research on imitation skills in children with ASD, and
concluded that there is sufficient evidence for a pervasive impairment in imitation skills in
children with ASD when compared to their typically developing peers. They also found that
imitation skills can are predictive of prognosis, or long-term outcomes, for children with ASD,
and that it is also important for the development of language and social skills.
Imitation is defined as a behavior that immediately follows a physical model, that has
formal similarity with the model (i.e., they look the same), and that is controlled or evoked by
the model (Cooper, Heron, & Heward, 2007). Generalized imitation is the ability to imitate a
novel model without receiving prior explicit teaching on how to copy that model. Generalized
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imitation is an important skill because it is useful for teaching other skills and reduces the need
for more intrusive teaching methods, such as physical prompts, which can be crucial for moving
children to a less restrictive or less intrusive learning environment. For example, if a child can
imitate a novel model, he can be taught to wash his hands by being shown a model, instead of
through the use of hand-over-hand prompts. It is important to note, however, that the skill must
be learned before such prompts can be eliminated or reduced, and that teaching imitation may
require the use of physical prompts as well. Skills which can be taught by modeling, when a
child can imitate, are vast and varied, and include academic skills, self-care skills, and vocational
skills.
Generalized imitation is also an important component of observational learning, which
occurs when an individual learns to engage in a new behavior by observing someone else engage
in the behavior and the resulting consequences (Taylor & DeQuinzio, 2012). In this way,
children can learn which behaviors they should copy, and which behaviors they should not copy.
Previous research has also found that imitation is linked to language development. Imitation
scores are predictive of expressive language skills in children diagnosed with ASD (Stone,
Ousley, & Littleford, 1997), which suggests imitation is an important skill to target when
teaching children with ASD. Smith and Bryson (1994) also found that imitation ability is linked
to receptive language ability.
A robust body of research supports the fact that individuals diagnosed with ASD can be
taught to imitate using reinforcement procedures (Cooper, Heron, & Heward, 2007); however,
many different types of imitation training procedures have been used and examined. The
purpose of this literature review was to examine the published studies on imitation training to
determine which methods have been scientifically evaluated, to evaluate the efficacy of the
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different methods for establishing new imitative repertoires, and to provide specific suggestions
for research that still needs to be conducted in this area.
Methods
The titles, abstracts, and keywords of all published articles in the following journals (in
alphabetical order) were searched for autism-related terms and imitation-related terms: Analysis
of Verbal Behavior; Autism; Autism Research; Autism Research and Treatment; Behavior
Analysis in Practice; Behavior Modification; Brain and Cognition; Cognitive Development;
Developmental Neurorehabilitation; Developmental Psychology; Early Child Development and
Care; Education and Treatment of Children; Journal of the Experimental Analysis of Behavior;
Focus on Autism and Developmental Disabilities; Infant and Child Development; Infants &
Young Children; Intellectual and Developmental Disabilities (Mental Retardation); Journal of
Abnormal Child Psychology; Journal of Applied Behavior Analysis; Journal of Autism and
Developmental Disorders; Journal of Cognitive and Behavioral Psychotherapies; Journal of
Experimental Child Psychology; Journal of Positive Behavior Interventions; Journal of Speech,
Language, and Hearing Research; Neuropsychologia; Psychological Bulletin; Psychological
Record; Research In Autism Spectrum Disorders; and Research in Developmental Disabilities.
Journals were selected based on the likelihood that they would contain articles relevant to
teaching procedures for children with autism, as determined by reviewing information on the
journals’ websites, and a trial search in which the search terms were entered into search engines,
and lists were made of the journals in which the resulting articles were located. Autism-related
search terms included “autism”, “autism spectrum”, “autism spectrum disorder”, “autistic
spectrum disorder”, “autistic disorder”, “pervasive developmental disorder”, “developmental
disabilities”, “developmental disability”, “PDD-NOS”, “developmental delay”, and “Asperger’s
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syndrome”. Imitation-related search terms included “imitation”, “simulation”, “mirrored play”,
“mimicry”, “mirroring”, “parroting”, “emulation”, “motor imitation”, “facial imitation”,
“generalized imitation”, and “observational learning”. The term “imitation training” itself was
not used, as a search for “imitation” should have yielded any articles that used the full term
“imitation training”. The authors also wished to be inclusive of articles that used a term other
than “training” such as “teaching” or “coaching”. Any articles that included at least one autismrelated keyword and one imitation-related keyword, within the article’s title, abstract, and
keywords, and that was published prior to 2015, were retained for the next step. The cut-off year
was selected because that is the year in which the literature searches were conducted, and the
authors wished to be as inclusive as possible of all literature published prior to the start of the
search.
Two independent observers searched each journal listed above to find articles containing
relevant keywords, and the title, abstract, keywords, and citation for each article meeting criteria
were recorded. All searches and other reviews were completed by a team of graduate and
undergraduate students. Interobserver agreement (IOA) was calculated on the search results of
each journal by comparing forms completed by each searcher. An agreement was counted if
both searchers found the same article, and a disagreement was scored if only one searcher found
an article. If any journal yielded less than 100% IOA, another team member conducted a search
of that journal and IOA was recalculated. This process continued until each article in the
respective journals was located by a minimum of two independent searchers. The percentage of
IOA for each journal was found by dividing the total number of agreements by the combined
number of agreements and disagreements (Van Houten & Hall, 2001).
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The abstracts of the resulting articles were reviewed next, also by two independent
observers. Articles that did not include an applied empirical study (i.e., discussed imitation
training without providing an experimental analysis of the efficacy of such a program), articles
that focused on adults rather than children (i.e., studies with participants 18 years old or older),
previous literature reviews, book reviews, and opinion papers were excluded. Studies that were
considered to be experimental analyses were those that examined imitation skill as a dependent
variable under at least two different conditions, at least one of which was imitation training (i.e.,
compared imitation training to a control condition or other baseline measure; Cooper, Heron, &
Heward, 2007). Articles that did not examine imitation training, but that incorporated imitation
into the study in some other way (e.g., studies that verified imitation as a deficit in ASD, studies
that examined brain activity during imitation tasks, or studies that examined imitation as a
correlate of or a predictor of other behavior) were also excluded. Studies that examined changes
in imitation behavior as a result of changes in brain activity, or that attempted to increase the
frequency of already existing imitative responses (instead of teaching imitative responses not in
the repertoire) were also excluded. Studies were also excluded if they only stated they conducted
imitation training as part of a treatment package, but did not describe the procedures actually
used for teaching imitation. Finally, studies that focused on vocal imitation (echoics) or video
models were also excluded. Only studies that taught motor or object manipulation via
interpersonal interactions were included. Vocal imitation was excluded because of the different
physiological mechanisms (i.e., movement of internal vocal cords) that are required for this skill.
Video models were excluded for several reasons. First, several of the video modeling studies
found seemed to require pre-existing imitation skills, as the video models were used to show the
participants how to complete some other skill, and the participant was required to already be able
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to imitate in order to respond to the model. Such studies were not clearly attempting to teach the
skill of imitation itself. Second, video models are a relatively newer technology that is not
available to everyone to use, and the authors wished to focus on procedures that could be widely
implemented in a one-on-one situation without the additional use of technology. Third,
including the wide array of studies using video models would have made this review unwieldly,
and the authors thought it would be more appropriate for a separate literature review to be
conducted to focus on video models.
If at any time during the review of abstracts (or full articles, when relevant information
could not be confidently ascertained from the abstract), the two reviewers disagreed on whether
an article should be retained, they met and discussed the disagreement until a consensus was
reached. In the case a consensus could not be reached, a third independent observer also
reviewed the information, and the majority judgment was used.
The remaining articles were retained for the literature review. If, upon reading an article,
it became apparent that it did not focus on imitation training, it was also excluded. This was
determined based on examining the purpose, research question, dependent variables, and
independent variables listed in the articles, in conjunction with clinical judgment. All of this
information was recorded, along with information about the participants, settings, results, and
limitations of each study. The reference lists of all articles included for the final literature review
were also examined for other articles describing imitation training studies. Any article with an
imitation-related search term in the title was reviewed to determine whether it was appropriate
for inclusion in this literature review. This step was repeated for each additional article found,
until no new articles were found.
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A thorough review of each article was conducted, and each article was reviewed by two
independent observers. Information on the following components of each study was recorded, to
allow for later comparison: The purpose of the study as reported by the authors, the
experimental design, participant characteristics, the setting, materials used, dependent variables,
independent variables, specific data collection procedures, measures of IOA and treatment
integrity, measures of social validity, results, conclusions as stated by the authors, and
limitations. If any of these were not included in the article, this was noted (e.g., if an article did
not include measures of treatment integrity, this was documented). If the observers disagreed on
a component, they met and discussed the disagreement until a consensus was reached. If a
consensus could not be reached, a third observer was consulted, and the majority judgment was
used.
Results and Discussion
Table 1 displays the results of the search, including the total number of articles located in
each journal based on the search terms, the final number of articles retained from each journal,
and which articles were retained from each journal (noted by authors and year of publication).
The final row shows the total number of articles found. Journals that did not yield any articles
including the relevant search terms are not included in the table. Of the 228 total articles found
with the relevant search terms, only 18 were included in the current review after examination of
the abstracts. No additional articles were found through reviewing the reference lists of these
articles.
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192
2
2
0
4
0
1

Behavior Modification

Behavior Research & Therapy

Brain and Cognition

Child & Family Behavior Therapy

Cognitive Development

11

Autism Research

Behavior Analysis in Practice

30

Autism

0

0

Analysis of Verbal Behavior

Autism Research and Treatment

1

Number of
Articles Found

American Journal on Intellectual and
Developmental Disabilities

Journals Searched

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Salt, Shemilt, Sellars, Boyd, Coulson, & McCool (2002)
Vismara, Colombi, & Rogers (2009)
Warreyn & Roeyers (2014)

N/A

Ingersoll, Walton, Carlsen, & Hamlin (2013)

Articles Retained and Reviewed

193
3
9

Journal of Abnormal Child Psychology

Journal of Applied Behavior Analysis

2

Focus on Autism and Developmental Disabilities

0

0

Education and Treatment of Children

Intellectual and Developmental Disabilities

3

Early Child Development and Care

2

0

Developmental Rehabilitation

Infants & Young Children

2

Developmental Psychology

4

2

Developmental Neurorehabilitation

Infant and Child Development

8

Development and Psychopathology

DeQuinzio, Townsend, Sturmey, & Poulson (2007)
Young, Krantz, McClannahan, & Poulson (1994)

N/A

N/A

N/A

Field, Ezell, Nadel, Grace, Allender, & Siddalingappa (2013)
Heimann, Laberg, & Nordoen (2006)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

194
3
5
4

3

0

Journal of Positive Behavior Interventions

Journal of Speech Language Pathology and
Applied Behavior Analysis

Journal of Speech, Language, and Hearing
Research

Journal of the Experimental Analysis of Behavior

1

Journal of Cognitive Education and Psychology

Journal of Experimental Child Psychology

2

Journal of Cognitive and Behavioral
Psychotherapies

1

9

Journal of Child Psychology and Psychiatry

Journal of Early Intervention

52

Journal of Autism and Developmental Disorders

N/A

Ingersoll & LaLonde (2010)

N/A

Ganz, Bourgeois, Flores, & Campos (2008)

N/A

N/A

N/A

N/A

Landa, Holman, O’Neill, & Stuart (2011)

Cardon & Wilcox (2011)
Ingersoll (2010)
Ingersoll, Lewis, & Kroman (2007)
Ingersoll & Schreibman (2006)
Ozonoff & Cathcart
Wainer & Ingersoll (2013)
Whalen, Schreibman, & Ingersoll (2006)
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2
24
18

2

Psychological Record

Research in Autism Spectrum Disorders

Research in Developmental Disabilities

Topics in Early Childhood Special Education

Totals

228

5

3

Psychological Bulletin

Additional articles from reference lists

8

Neuropsychologia

22

N/A

N/A

Ben-Itzchak & Zachor (2007)
Ingersoll & Gergans (2007)
Ross & Greer (2003)

N/A

Du & Greer (2014)

N/A

N/A

Table 2 provides specific information on the studies retained for review. All dependent
variables reported in the studies are provided, but descriptions of IOA, treatment integrity, social
validity, and results are limited to the dependent variable(s) related to imitation (e.g., imitation
measures, as opposed to overall adaptive functioning measures), except where otherwise noted.
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Experimental Design

Pretest/posttest

Multiple
baseline
across
participants
and 2
treatment
conditions

Multiple
baseline
design
across
participants

Study

Ben-Itzchak
& Zachor
(2007)

Cardon &
Wilcox
(2011)

DeQuinzio,
Townsend,
Sturmey, &
Poulson
(2007)

Imitation of
facial models

Motor Imitation
Scale scores; insession
imitation
performance

Imitation

Dependent
Variables

Least-to-most
prompting with
token economy

Reciprocal
imitation
training and
video modeling

Center-based
applied
behavior
analysis
program

Independent
Variables

3 children
with autism;
3-6 years old

3 typically
developing
children; 2024 months
old
Averages
ranged
82%-98%
for all
participant
s and
conditions

97.8%
average

None
reported

25 children
with autism;
20-32
months old

6 children
with autism;
20-48
months old

IOA

Participants

None
reported

Averages
ranged
99.6%-100%

None
reported

Treatment
Integrity

None
reported

Parent
survey; high
ratings

None
reported

Social
Validity

Imitation of
facial models
increased for
all
participants;
only two
demonstrated
generalization

Improved
Motor
Imitation Scale
scores and insession
imitation
performance
with both
interventions

Increases in
imitation

Results
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Combined
experiment
al-control
group
design with
nested
time-lagged
multiple
probe
design
across
participants

Randomized
group
design

Du & Greer
(2014;
Experiment
1 excluded,
Experiment
2 included)

Field, Ezell,
Nadel,
Grace,
Allender, &
Siddalingap
pa (2013)

Mirror-training
and face-toface training

Contingent
imitation and
contingent
non-imitative
interaction

Imitation of
modeled actions

Imitation of
adult, looking at
adult, initiating
novel behaviors
20 children
with autism;
4-6 years old

6 children
with autism;
3-4 years old

Cohen’s
Kappa
range .78

Averages
ranged
99%-100%

None
reported

None
reported

None
reported

None
reported

Increases in
spontaneous
imitation

Mirror-trained
participants
showed
increased
imitation
performance;
face-to-face
trained
participants
did not
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Multiple
baseline
design
across
participants

Randomized
group
design

Ganz,
Bourgeois,
Flores, &
Campos
(2008)

Heimann,
Laberg, &
Nordoen
(2006)

Multicompone
nt visually cued
imitation
training

Contingent
imitation and
contingent
non-imitative
interaction

Imitation of
peers

Touch, look,
request, PsychoEducative
Profile-Revised
developmental
level and
imitation
subscale score
20 children
with autism
spectrum
disorder; 412 years old

4 children
with autism
or PDD-NOS;
9-13 years
olds

None
reported

Averages
ranged
88%-97%
for all
participant
s

None
reported

Averages
ranged 97%100% for all
participants

Anecdotally
parents
supported
intervention
s

None
reported

8 of 10
children in
contingent
imitation
condition had
significant
increase in
imitation
score; only 2
of 10 had
significant
increase in
contingent
interaction
condition

Increases in
prompted and
unprompted
imitation,
decreases in
level of
prompt
required;
none reliably
imitated
without
prompts
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Ingersoll,
Lewis, &
Kroman
(2007)

Ingersoll
(2010)

Multiple
baseline
design
across
participants

Randomized
controlled
trial

Descriptive
gestures, total
gesture
imitation,
combined
gesture
imitation, total
spontaneous
gesture use,
spontaneous
combined
gesture use

Motor Imitation
Scale,
Unstructured
Imitation
assessment,
cognitive level
(Bayley Scales),
language skills
(Preschool
Language
Scales), joint
attention (Early
Social
Communication
Skills), play skills
(Structured Play
Assessment)
Reciprocal
imitation
training

Reciprocal
imitation
training with
treatment-asusual control
group

5 children
with autism;
24-49
months old

22 children
with autism;
2747months
old; split
between
groups

Cohen’s
Kappa .73
for total
gesture
imitation
and .71 for
combined
gesture
imitation

Cohen’s
Kappa .93
for Motor
Imitation
Scale, .84
for
Unstructur
ed
Imitation
Assessment

Averages
ranged
86.3%-100%

Used 5-point
rating scale;
range 3.3-5

Questionnai
re with 5point scale
completed
by college
students;
baseline
range 2.183.30;
treatment
range 3.383.89

None
reported

Increases in
imitation and
gesture use;
inconsistent
generalization

Children in
treatment
group showed
significantly
more
improvement
in elicited and
spontaneous
imitation and
in object and
gesture
imitation
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Multiple
baseline
design
across
participants
and
multiple
baseline
design
across
behaviors
for one
participant

Modified
multiple
baseline
design
across
participants

Ingersoll &
Gergans
(2007)

Ingersoll &
LaLonde
(2010)
Appropriate
language, verbal
imitation,
nonverbal
imitation,
Motor Imitation
Scale scores,
Unstructured
Imitation
Assessment
scores

Object and
gesture
imitation

Reciprocal
imitation
training

Parent training
and parent
implementatio
n of reciprocal
imitation
training

4 children
with autism
spectrum
disorder; 3541 months
old

3 children
with autism;
2-3 years old
None
reported

5-point rating
form; average
4.8 (range
3.6-5)

Cohen’s
Kappa
ranged .58.99 for all
dependent
variables

Pearson’s r
for verbal
imitation
ranged .95.99;
Cohen’s
Kappa .93
for Motor
Imitation
Scale and
.84 for
Unstructur
ed
Imitation
Assessment

None
reported

Parent
satisfaction
questionnai
re with 7point scale;
average
ratings
ranged 6.37

Increase in
imitation;
maintained at
follow-up

Increases in
in-session
imitation for
all
participants;
limited
generalization
and
maintenance
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Multiple
baseline
design
across
participants

Multiple
baseline
design
across
participants

Ingersoll &
Schreibman
(2006)

Ingersoll,
Walton,
Carlsen, &
Hamlin
(2013)

Object
imitation, joint
engagement,
and selfstimulatory
behaviors

Object
imitation,
language, joint
attention,
pretend play

Reciprocal
imitation
training

Reciprocal
imitation
training

Cohen’s
Kappa .87
for object
imitation

Average
88% for
imitative
behaviors

5 children
with autism;
29-45
months old

4 children
with autism
and
intellectual
disability
ranging from
moderate to
severeprofound;
13-16 years
old

Questionnai
re with 7point scale
completed
by college
students;
preintervention
range 3.164.63; posttreatment
range 4.405.44
Questionnai
re with 5point scale
competed
by naïve
observers
and teacher
ratings on 6point scale;
high ratings
on both

Averages
ranged
92.5%-100%

5-point rating
form; average
4.86 for
treatment
and 4.80 for
generalization

Variable
increases in
imitation;
limited
generalization
and
maintenance.

Imitation
increased but
generalization
and
maintenance
were
inconsistent

203

Randomized
controlled
trial

Two groups
pre-test
post-test
design

Landa,
Holman,
O’Neill, &
Stuart
(2011)

Ozonoff &
Cathcart
(1998)
Psychoeducatio
nal ProfileRevised scores

Initiation of
joint attention,
shared positive
affect, socially
engaged
imitation,
expressive
language, and
visual reception

TEACCH-based
home program
services

Interpersonal
Synchrony
treatment
condition and
Noninterperso
nal Synchrony
control
condition

22 children
with autism;
2-6 years
old; split
evenly
between
groups

48 children
with autism;
2 years old;
split
between
conditions

None
reported

Interclass
correlation
coefficient
of .956 for
socially
engaged
imitation

None
reported

Scored
therapist
Interpersonal
Synchrony
teaching
behaviors in
sessions;
significantly
more
occurred in
Interpersonal
Synchrony
conditions
None
reported

None
reported

Imitation
subscore on
PEP-R
improved
significantly
with
treatment

Children in
Interpersonal
Synchrony
condition
showed
significant
improvement
in imitation
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Ross &
Greer
(2003)

Multiple
baseline
design
across
participants

Vocal
imitations, vocal
mands,
generalized
vocal imitations
(required
imitation of
preceding
motor actions)

Rapid motor
imitation
sequence
5 children
with autism;
5-7 years old
Averages
ranged
94%-100%
across all
participant;
specific IOA
for
imitation
measured
not
reported

None
reported

None
reported

All
successfully
learned motor
imitation part
of sequence
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Salt,
Shemilt,
Sellars,
Boyd,
Coulson, &
McCool
(2002)

Two groups
design
Cognitive,
language, and
social skills
(Bayley Scales);
receptive
vocabulary;
motor imitation
and vocal
imitation
subscales of
Pre-Verbal
Communication
Schedule;
vocabulary;
functional play;
joint attention,
requesting, and
social
interaction;
parental
distress and
parent-child
dysfunctional
interaction

Scottish Centre
for Autism
preschool
treatment
program
14 children
with autism
and average
age of 42.36
months in
experimental
group; 6
children with
autism and
average age
of 37.67
months in
wait-list
control
group;
None
reported

None
reported

Parental
stress
measures;
no
significant
change pre
and posttreatment

Treatment
group showed
significantly
more
improvement
on imitation
scales than
control group
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Multiple
baseline
design
across
therapistchild and
parent-child
dyads

Two groups
pre-test
post-test
design

Wainer &
Ingersoll
(2013)

Warreyn &
Roeyers
(2014)
Joint attention
and imitation

Imitation
(spontaneous
and prompted)

Treatment
derived from
reciprocal
imitation
training,
Pivotal
Response
Training, and
incidental
teaching;
treatment as
usual control
group

Implementatio
n of distance
learning
program to
teach
therapists and
parents to
implement
reciprocal
imitation
training with
children
48 children
with autism
or PDD-NOS;
3-7 years
old; split
between
groups

6 female
undergradua
te students
and 5
children with
autism; 3
young
children and
their
mothers; 2688 months
old
Kappa
range .72.85 for
imitation

Pearson’s r
.98-.99

None
reported

Used for
training
therapists
and parents;
all achieved
criteria for
fidelity of
implementati
on

None
reported

Parents
completed
treatment
acceptabilit
y
questionnai
re with 6point scale;
range 5.386

Treatment
group
improved on
imitation, but
not
significantly
more so than
control group

All therapists
and parent
achieved
fidelity of
implementatio
n; all children
showed
increased
rates of
imitation
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Multiple
baseline
design
across
participants

Nonconcurrent
multiple
baseline
design
across
participants

Whalen,
Schreibman
,&
Ingersoll
(2006)

Vismara,
Colombi, &
Rogers
(2009)

Spontaneous
functional
verbal
utterances,
child
engagement,
imitation
(including
object imitation,
body imitation,
and vocal
imitation)

Social
initiations,
positive affect,
empathic
response, play,
imitation, and
language

Training
program to
teach parents
to implement
Early Start
Denver Model
with their
children

Combination of
discrete trail
and pivotal
response
training
designed to
improve joint
attention skills
None
reported

None
reported

None
reported

Kappa .85 for
parent
implementati
on of
teaching
techniques

Kappa
range .851.0 for all
assessment
; IOA
specific to
imitation
not
reported
903% for
imitative
behaviors

4 children
with autism;
4 years old

8 children
with autism
and their
parents; 10
months-3
years old

Imitation
increased for
all children

Spontaneous
imitation
increased for
all participants
at posttreatment, but
decreased
slightly at
follow-up
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Young,
Krantz,
McClannah
an, &
Poulson
(1994)

Multiple
baseline
design
across
behaviors

Imitation within
responses
classes and
generalization
to other
response classes
Model-alone or
model-andpraise
(differential
reinforcement)
; no error
correction for
either
condition
4 children
with autism;
2-4 years old
Averages
ranged
98.4%100% for all
participant
s and
conditions

Averages
ranged
99.1%-100%

None
reported

Imitative
responses
increased
during modeland-praise
condition;
generalization
inconsistent
across
participants

Overall, the majority of the studies reported positive immediate results, and mixed results
in regard to maintenance and generalization; however, several different dependent variables,
including both measures of imitation and other measures (e.g., scores on developmental and
cognitive tests, joint attention, and play skills), were used across the studies. Additionally, some
studies focused primarily on imitation, while others examined imitation in conjunction with or
secondary to other variables (e.g., play skills, language skills). As illustrated in Table 2, several
different imitation training procedures were used. Measures of IOA, treatment integrity, and
social validity were inconsistent across studies, with some studies excluding one or more of these
measures from their reports. The remainder of this section will describe in more detail the
results of the review in terms of the characteristics of the studies reviewed. For each
characteristic examined (e.g., experimental designs, dependent variables), the results will be
followed by a discussion regarding the implications of the findings, and suggestions for
practitioner-researchers based on those findings.
Experimental Designs
Single-subject multiple baseline designs were used in 72% of the studies (see Column 2
of Table 2). With these designs, data are recorded on each individual subject. All but one of
these implemented a multiple baseline across participants design.
Group designs were used in 28% of the studies, and a variety of group designs were
employed. Several of these studies implemented a pre- and post-test to obtain data, although
some included additional probes, such as the six-month follow-up probe used by Landa et al.
(2011).
The studies that used single-subject designs may provide the most convincing data
regarding the efficacy of the treatments examined. In such designs, each subject serves as his or
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her own control, and each subject’s behavior in each condition is typically measured several
times (Cooper, Heron, & Heward, 2007). Therefore, these designs show individual patterns in
improvement (or lack thereof), and they can be easily inspected to determine whether
experimental control is achieved (Van Houten & Hall, 2001). They can also be used to compare
individual data of participants to determine if some children demonstrate different behavior
patterns than others (Van Houten & Hall, 2001). Designs that allow examination of individual
data can be useful for determining whether some interventions show differential effectiveness
(i.e., are effective for some children, but not for all children), and for determining which children
those interventions may be most effective for. For example, DeQuinzio, Townsend, Sturmey,
and Poulson (2007) used a multiple baseline design across participants to show that a least-tomost prompting procedure combined with a token economy produced increases in facial
imitation for three participants, but this design also demonstrated that only two of those
participants showed generalization of this skill.
Although all studies reported favorable results, those that used group designs may have
masked individual differences in the data, with the exception of those studies that reported both
individual and aggregate data. With studies that reported only aggregate data, it is not possible
to determine if there are individual differences in treatment improvement, and one cannot make
comparisons between participants, such as the comparison of generalization performances that
was possible in DeQuinzio et al. (2007; Van Houten & Hall, 2001). However, these designs are
beneficial for determining whether various interventions are or are not effective with large
groups of children, or, in this case, for the majority of children diagnosed with ASD. This can
also be helpful for demonstrating generalization of results from single subject designs, or for
determining which large-scale treatment programs may warrant further research. For example,
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Warreyn and Roeyers (2014) found that an experimental group receiving a treatment package
(containing components of reciprocal imitation training, pivotal response teaching, and incidental
teaching) showed larger increases in imitation at post-test than a treatment-as-usual control
group, although the increases were not statistically significant. These results may suggest a need
to look at individual data, to see if some individual subjects demonstrated significant increases
more than other subjects. These results also suggest a potential need to conduct further analyses
of this treatment package to determine whether its efficacy with all children can be increased.
Researchers should carefully consider the advantages and disadvantages of the various
experimental designs that are available for use when designing a study on imitation training
procedures. Single-subject designs may be preferable for initial or preliminary analyses, as they
allow individual data to be analyzed closely, often on a session-to-session basis. Larger group
designs may be beneficial to show generalization of results to other children, or to demonstrate
the larger-scale effectiveness of a procedure.
Dependent Variables
Imitation measures were collected within imitation training sessions, and by the use of
various imitation assessments administered pre- and post-intervention (see Column 3 of Table 2).
All studies typically defined the response, or dependent variable, as the participant performing a
behavior identical to or similar to the experimenter’s model, usually within a certain time period
after the presentation of the model (e.g., within 5 seconds of the presentation of the model).
Some studies simply scored whether an imitative response did or did not occur, and others used
rating scales based on how closely each participant’s response matched the model.
Imitation assessments used included the Motor Imitation Scale (MIS; Stone, Ousley, &
Littleford, 1997)), the Unstructured Imitation Assessment (UIA; Ingersoll, 2008; Ingersoll, 2010;
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and Ingersoll & Meyer, 2011), and certain subscales of various developmental tests (e.g., the
Psychoeducational Profile-Revised; Schopler, Reichler, Bashford, Lansing, & Marcus, 1990).
The MIS was used by 17% of studies (see Column 3 of Table 2). This scale consists of sixteen
motor imitation tasks, eight that pertain to object manipulation and eight that relate to body part
manipulation. An adult administers tasks in a playful manner, with each action modeled up to
three times. Examinee responses are rated on a 3-point scale (2 points for correct imitation, 1
point for partially correct imitation, and 0 points for no imitation). Scores are added to obtain a
total score, with subscores for object imitation and body part imitation also included.
The Unstructured Imitation Assessment, which was designed to measure spontaneous
(i.e., unprompted or uninstructed) imitation, was used in 11% of the studies. This assessment is
conducted on a floor to mimic a play situation with two identical sets of toys present. First, the
examiner spends two minutes imitating the examinee’s play behavior with the toys. Then, the
examiner provides instructions for the examinee to observe his or her play behavior with the
toys, and delivers verbal markers while playing. A verbal marker is a non-instructive statement
related to the current play action (e.g., saying “boom” while playing with a drum). Similar to the
MIS, actions are presented up to three times, examinee responses are scored on a 3-point scale,
and scores are added to obtain a total imitation score. The examiner returns to imitating the
examinee’s behavior for forty-five seconds between each trial, until all items are delivered.
Researchers should also be cautious when interpreting the results of studies using the
Motor Imitation Scale and Unstructured Imitation Assessment, or when planning research that
may use these measures. These assessments have been used as measures of imitation
performance in several studies, but the authors of this review were unable to find any studies
confirming their reliability and validity. The references cited in the manuals for these
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assessments are all included in this review, and do not describe the reliability and validity of
these instruments. If using these assessments, or when interpreting the results of research using
these assessments, it is important to check for repeated testing sessions between and across
phases of the study, to check for reliability. The face validity (i.e., the extent to which an
instruments appears to be valid) can be evaluated by carefully comparing the structure of the
assessments to the relevant research questions and intervention procedures. The researcher can
then determine if the assessment situation sufficiently resembles the behavior the researcher
wishes to measure, and the context in which that behavior would occur. The inclusion of
additional baseline measures for individual subjects may also increase the confidence with which
one can interpret such assessment results.
Similarly, when other indirect measures are used (e.g., subscales of developmental
measures) researchers should carefully consider the face validity of these measures, as it pertains
to their research question and desired dependent variables. Researchers may wish to supplement
such measures with direct measures of the relevant behaviors, and to describe their rationale for
using indirect measures, as opposed to direct measures. The authors of this review acknowledge
that indirect measures can be beneficial for several reasons, such as for their power in
communicating results to others. For example, using a developmental measure to show that, in
addition to an increase in imitation skill, the discrepancy between developmental age and
chronological age has been reduced, can help communicate the importance of a particular
intervention.
Independent Variables
Of the 18 studies included in the final review, 50% used reciprocal imitation training or a
variation thereof (See Column 4 of Table 2). Reciprocal imitation training is an intervention that
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targets both gesture and object imitation in children with ASD (cf. Ingersoll, 2010). It
incorporates contingent imitation, linguistic mapping, physical prompts, and praise. Contingent
imitation refers to the teacher imitating a child’s play actions, and linguistic mapping is the
practice of commenting on the child’s play. During reciprocal imitation training, the teacher
begins by imitating the child’s actions. Approximately once per minute, the adult models an
action paired with a verbal marker, or brief verbal statement related to the action or toy being
used. Physical prompts are provided as needed for the child to perform the same action, and
praise is provided contingent on imitation.
Finally, 44% of studies reviewed reported the use of other strategies from applied
behavior analysis, including different reinforcement systems (e.g., praise or token economies),
different prompting strategies (e.g., textual instructions and least-to-most prompting systems),
and combinations of various strategies into treatment packages.
The majority of the studies examined one intervention in isolation or in comparison to a
control group. Only 33% of studies made a direct comparison between conditions that consisted
of two different treatments (as opposed to a comparison of a treatment with a baseline or control
condition). Cardon and Wilcox (2011) compared reciprocal imitation training to a video
modeling intervention, and Du and Greer (2014) compared mirror training with face-to-face
training. Field et al. (2013) and Heimann, Laberg, and Nordoen (2006) both compared
contingent imitation with contingent non-imitative interaction.
The variety of independent variables used across studies is a very important point for
consideration. Reciprocal imitation training was used most frequently, which allows for stronger
conclusions to be drawn about the effectiveness of this procedure based on the number of
replications using group as well as single subject designs. It could be beneficial to conduct more
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studies on the other independent variables included in the studies in this review, such as least-tomost prompting and different error correction procedures, to determine if the results are
replicated or if different results are found. Further research on these programs could either
strengthen or weaken the support for implementing such programs in day-to-day practice.
Most studies examined only one intervention, or a combination of interventions in a
single treatment package, although some compared interventions. More comparisons are
necessary to determine if one or some interventions or intervention components are more
effective than others. This information could be critical to further develop or revise imitation
training programs to make them more effective.
Systematic replications, which involve replicating an intervention while systematically
varying one or more components of that intervention, can be beneficial for determining the
various conditions in which an intervention may or may not be effective, the extent to which the
intervention will generalize, and whether certain alterations may increase the efficacy of the
intervention (Van Houten & Hall, 2001). If replications do not demonstrate improvements in
imitation, as well as both generalization and maintenance, it is still important to share these
results, as this could suggest a need for more extensive examination of other procedures, or even
the development of novel procedures based on components that have been found to be somewhat
effective.
There are several procedures that researchers may consider adding to imitation training to
examine their additive effects. For example, incorporating parent or family training may
improve generalization and maintenance by increasing the time and number of situations in
which the child is exposed to the intervention. Although some studies in this review did train
parents to implement interventions, they did not do so in conjunction with center-based or
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therapist-delivered intervention. It is possible that conducting a program both at home by
parents and in a center by therapists could enhance generalization more than implementation in
just one setting or the other. Ensuring that studies include components of natural environment
training, especially components related to motivation and built-in reinforcers, could also promote
more generalization and maintenance (Cooper, Heron, & Heward, 2007; Kaiser & Trent, 2007).
Additionally, a careful assessment of the natural environment can provide information regarding
the settings and situations in which the imitation skill is most needed, and, therefore, teaching
strategies can be designed to address those needs. The only studies in this review that reported
including natural environment training did so as part of a large treatment package, but did not
conduct a component analysis to demonstrate the effects of each component involved, and
provided limited information regarding any assessments that may have been conducted regarding
the participants’ typical environments. However, previous research has found that natural
environment training produces greater generalization than discrete trial procedures (Alberto and
Troutman, 2013), so these procedures are worth examining further.
Participants
While all studies included children diagnosed with autism, some studies included
participants with no diagnoses or other documented diagnoses (i.e., control groups of typically
developing children, or participants with diagnoses comorbid with the diagnosis of ASD, and
participants with diagnoses of other developmental disabilities; see Column 5 of Table 2). The
majority of the children included in the studies were six years old or younger, and the oldest
participant found through this review was sixteen years old.
Limited information was provided regarding participant characteristics across studies,
especially their history of participation in other teaching programs, and other skills in their
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repertoires, such as the ability to match-to-sample, which could be critical for matching one’s
own behavior to the behavior of a model. Future research should examine whether some
children show more rapid acquisition, greater increases in imitation skills, or better
generalization and maintenance than other children. Such research should take into account what
other skills are in the children’s repertoires, such as basic attending skills (e.g., eye contact and
tracking). Future research should also examine whether pre-existing skills might impact
performance during different interventions. While all studies reported participant ages and
diagnoses, more specific information regarding their other skill repertoires was lacking
throughout.
Interobserver Agreement
Of the studies included in the final review, 94% reported interobserver agreement
measures (See Column 6 of Table 2). The majority of the reported IOA was acceptable for all
studies that reported IOA (i.e., a percentage above 80%, Cohen’s Kappa over 0.40, or other
correlation coefficient over 0.90), and was measured for at least 25% percent of sessions.
IOA measures are important for verifying that data are collected accurately (Van Houten
& Hall, 2001). The majority of the studies included in this review reported adequate IOA
measures, but the failure of any study to report measures of IOA is concerning, because it is
impossible to verify that the data were collected accurately, and therefore that the results are
valid (Van Houten & Hall, 2001). If a study did not report IOA, it is impossible to know
whether the data used to draw conclusions are a true representation of the program’s effects.
Future researchers should make efforts to collect and report IOA data for all dependent variables,
and across a representative sample of sessions (e.g., for at least some sessions for each
participant).
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Treatment Integrity
Sixty-two percent of studies reported information about treatment integrity (see Column
7 of Table 2). Of those studies, 82% reported treatment integrity scores as well as the procedures
for conducting integrity checks, while the other 18% described treatment integrity anecdotally,
but did not report exact scores (Landa et al., 2011; Wainer & Ingersoll, 2013). Overall,
treatment integrity was acceptable for those that reported exact scores (e.g., for those studies
reporting percentage of steps implemented correctly, all were over 80% correct), and was
reported to be favorable by the other two studies. Treatment integrity was also reported to have
been measured for an adequately representative number of sessions (i.e., at least 20% of
sessions).
Treatment integrity measures are important for verifying that an intervention was
implemented as described. Without treatment integrity measures, researchers cannot be certain
that the data are a valid representation of the described intervention, or if they actually represent
the results of something else that may have happened. Treatment integrity data ensure that the
described intervention is what was actually implemented (Cooper, Heron, & Heward, 2007).
Future researchers in this area should collect and report treatment integrity data for their
interventions, and should take the results of such measures into account when drawing
conclusions regarding their results. Creating a task analysis of the program, and observing the
implementer to determine whether each step is implemented correctly can provide such
measures. The results of any studies that did not report treatment integrity measures must be
interpreted with caution. For example, Heimann, Laberg, and Nordoen (2006) compared the
effects of contingent imitation with contingent non-imitative interaction, and found that
contingent imitation produces greater increases in imitation. However, they did not report
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treatment integrity data, so it is not possible to verify that the procedures were implemented
accurately, and that contingent imitation really is the more effective procedure.
Social Validity
Only 44% of the studies included in this review reported social validity measures (see
Column 8 of Table 2). Of these, 75% administered social validity questionnaires to the
participants’ caregivers and 50% gathered social validity by obtaining ratings from naïve
observers (some studies did both). Favorable social validity results were reported by all of these
studies, based on all ratings being on the higher half of the rating scales used, with the exception
of the parental stress measures, which showed no significant change.
Social validity measures are needed to provide information about the acceptability of an
intervention (Cooper, Heron, & Heward, 2007). It is not enough to just know that an
intervention is effective; it is important to also know whether parents, teachers, or other
caregivers are willing to use the intervention or let the child be exposed to the intervention.
Future researchers should make efforts to obtain and report social validity data. Most of the
studies in this review that did gather social validity data do so through the use of rating scales, so
independent observers could rate whether they observed skill improvements and found the
procedures to be acceptable. Even if a study has promising results, social validity data is
important to be sure that those programs would be acceptable to implement in practice.
Results
All 18 studies reported favorable results, and concluded that their interventions were at
least somewhat effective, as evidenced by improvement in dependent variable measures (see
Column 9 of Table 2). However, not all studies obtained maintenance and generalization
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measures, and of those that did, results were inconsistent across studies, even across studies
examining the same procedure, and across participants within studies.
It is important to find interventions that result in both generalization and maintenance
(Baer, Wolf, & Risley, 1968; Cooper, Heron, & Heward, 2007). If imitation skills do not
generalize, children receiving those treatments may not be able to use their newly acquired
imitation skills in other situations, such as when learning new skills. For example, even though
DeQuinzio, Townsend, Sturmey, and Poulson (2007) found that least-to-most prompting
combined with a token economy was effective for increasing imitation of facial models, only two
of three participants demonstrated generalization. This could impact the ability of the remaining
participant to watch and copy a model when learning spoken language skills or social skills
involving facial expressions. If the newly-acquired imitation skills generalize, they may be able
to learn new skills by imitating a model, but without generalization, they may still require more
intrusive interventions, such as physical prompting. Maintenance across time is important for
similar reasons: Children must be able to continue to use their imitation skills in future learning
situations, otherwise, they may continue to require more intrusive teaching procedures, such as
full physical prompts, and may not encounter the other benefits of learning imitation.
Second, both the immediate and long-term results of the interventions examined in the
current literature should be considered. Not all studies included in the review provided data on
generalization and maintenance, and those that did reported inconsistent results. For an
intervention to be truly effective, the results must maintain over time, and generalize to the
imitation of novel models (Baer, Wolf, & Risley, 1968; Cooper, Heron, & Heward, 2007).
Otherwise, the child may not be able to learn other new skills through the imitation of models. It
is important for studies to not only demonstrate an increase in imitation immediately after a
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program has been implemented, but to also demonstrate maintenance and generalization over
time and across novel behaviors (Baer, Wolf, & Risley, 1968; Cooper, Heron, & Heward, 2007).
Conclusion
Overall, each procedure studied showed some degree of effectiveness, with limited or
inconsistent generalization and maintenance. All studies discussed in current review, with the
inclusion criteria previously outlined, reported use of at least some techniques rooted in applied
behavior analysis, even though not all journals searched focused primarily on behavioral
treatment. This suggests that behavioral treatment should continue to be a focus for addressing
imitation deficits in children with autism. It is important to consider the various features of the
studies reviewed, including both their strengths and limitations, to best determine the current
implications for treatment, and the research questions that still need to be addressed.
The authors found it difficult to formulate recommendations for practitioners based on
this review of the literature. It may be reasonable to recommend reciprocal imitation training as
a first-line treatment for overcoming imitation deficits, as this procedure has the most available
research to support its use, but this research also shows limitations in regards to maintenance and
generalization. Therefore, the authors encourage practitioners to consider using this procedure,
but to carefully analyze progress data for children and to attempt to plan procedures to promote
maintenance and generalization. The authors recommend careful progress monitoring, as well as
maintenance and generalization checks, regardless of which procedure is used.
The authors’ main recommendations are in regards to the research that still needs to be
done. Based on their own experience, it seems many imitation training procedures may be in use
in practice that have not been the focus of published studies. The authors encourage practitioners
to carefully examine any imitation procedures they are currently using, and to consider
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conducting and publishing studies on those procedures, in order to add to the current body of
research, and to share their successes and limitations with those procedures with others.
Practitioners are uniquely situated to conduct such research using single-subject designs, as they
are already doing a large part of the work if they are conducing imitation training that involves a
pre-assessment, the training program itself, on-going progress monitoring, and maintenance and
generalization checks. The authors themselves routinely conduct IOA and treatment integrity
checks with behavior aides implementing imitation training programs with the children they
work with, and are exploring methods for obtaining a full baseline, and for collecting social
validity and social acceptability data, so that they may also contribute to the body of research by
turning their everyday practice into a research study. If other practitioners do the same, the body
of research can quickly be expanded.
Some practitioners who work with many children requiring imitation training may also
have the ability to do comparisons, such as comparing progress of children receiving different
imitation training procedures, or learning imitation skills in different sequences. They may also
be able to compare children’s progress in conjunction with a comparison of pre-existing skill
repertoires, if they are regularly administering a comprehensive skills assessment such as the
VB-MAPP. Practitioners may even be able to alter their practices enough to conduct a
component analysis of procedures such as reciprocal imitation training. If practitioners are
altering their procedures to program for generalization and maintenance, they can publish data on
those efforts, in order to share these methods with others, and to show practitioners ways to
overcome the limited maintenance and generalization shown in the current body of research.
Although procedures for teaching different types of imitation have been examined, it
could also be important to determine whether one type of imitation is a pre-requisite for another,
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whether there is a specific sequence in which the different types of imitation should be taught, or
whether better results can be obtained by teaching all or some imitation types concurrently. This
information could have important implications for designing and improving imitation
interventions for children with autism. For example, the research that guided the development of
the Verbal Behavior Milestones Assessment and Placement Program (VB-MAPP) indicated that
typically developing children often learn skills in a sequence, even when they are not explicitly
taught (Sundberg, 2008). This assessment is often used to guide curriculum development for
children with autism, and sequences imitation skills so that gross motor imitation occurs prior to
object and fine motor imitation. However, this sequence is based on the age ranges at which
these skills tend to emerge in typically developing children, and more research is needed to
warrant sequencing skills in the same way for children with autism, especially as they often
require more explicit instruction in these skills than do their neurologically typically developing
peers. Fitting other types of imitation, such as facial imitation, into this sequence would also
yield useful information.
Comparison studies involving one intervention delivered to children with differing
characteristics (e.g., verbal or nonverbal, or other variations in prerequisite skills) could also be
beneficial to obtain information about which children may learn better from which interventions
(e.g., a study comparing the effects of least-to-most prompting to teach imitation to nonverbal
children with autism, versus verbal children with autism). Such a study was not found in this
review, but knowing whether different interventions have varying degrees of efficacy with
different children could aide practitioners in developing effective, individualized curricula.
Above all, anyone conducting research, whether they are implementing it in their regular
practice or are conducting a separate research project, should carefully consider the suggestions
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above for overcoming the limitations shown by many of the studies included in this review (e.g.,
lack of IOA data). Anyone conducting imitation training in practice, whether they are attempting
to turn it into a publishable study or not, should also carefully consider the limitations of the
current body of research, and should keep these limitations in mind when assessing the progress
of their clients and deciding whether to keep the procedure in place or make alterations.

224

References
Alberto, P. A. and Troutman, A. C. (2013). Applied Behavior Analysis for Teachers (9th ed).
Upper Saddle River, NJ: Pearson.
American Psychiatric Association. (2013). Diagnostic and Statistical Manual (5th ed.).
Washing, DC: Author.
Baer, D .M., Wolf, M. M., & Risley, T. R. (1968). Some current dimensions of applied
behavior analysis. Journal of Applied Behavior Analysis, 1(1), 91-97.
Berger, N. I. & Ingersoll, B. (2013). An exploration of imitation recognition in young children
with autism spectrum disorders. Autism Research, 6, 411–416.
Caldwell, P. (2006). Speaking the other’s language: imitation as a gateway relationship. Infant
and Child Development, 15(3), 275-282.
Cardon, T. A. & Wilcox, M. J. (2011). Promoting imitation in young children with autism: A
comparison of reciprocal imitation training and video modeling. Journal of Autism and
Developmental Disorders, 41(5), 654-666.
Cook, J. L. & Bird, G. (2012). Atypical social modulation of imitation in autism spectrum
conditions. Journal of Autism and Developmental Disorders, 42(6), 1045-1051.
Cooper, J. O., Heron, T. E., & Heward, W. H. (2007). Applied behavior analysis (2nd ed.).
Upper Saddle River, New Jersey: Pearson.
Delgado, J. A. P. & Greer, R. D. (2009). The effects of peer monitoring training on the
emergence of the capability to learn from observing instruction received by peers. The
Psychological Record, 59(3), 407-434.

225

DeQuinzio, J. A., Townsend, D. B., Sturmey, P., & Poulson, C. L. (2007). Generalized imitation
of facial models by children with autism. Journal of Applied Behavior Analysis, 40, 755759.
Du, L. & Greer, R. D. (2014). Validation of adult generalized imitation topographies and the
emergence of generalized imitation in young children with autism as a function of mirror
training. Psychological Record, 64, 161-177.
Escalona, A., Field, T., Nadel, J., & Lundy, B. (2002). Brief report: Imitation effects on children
with autism. Journal of Autism and Developmental Disorders, 32(2), 141-4.
Field, T., Ezell, S., Nadel, J., Grace, A., Allender, S., & Siddalingappa, V. (2013). Reciprocal
imitation following adult imitation by children with autism. Infant and Child
Development, 22(6), 642-648.
Ganz, J. B., Bourgeois, B. C., Flores, M. M., & Campos, B. A. (2008). Implementing visually
cued imitation Training With children with autism spectrum disorders and developmental
delays. Journal of Positive Behavior Interventions, 10(1), 56-66.
Heimann, M., Laberg, K. E., & Nordoen, B. (2006). Imitative interaction increases social interest
and elicited imitation in non-verbal children with autism. Infant and Child Development,
15(3), 297-309.
Ingersoll, B. (2008). The effect of context on imitation skills in children with autism. Research in
Autism Spectrum Disorders, 2(2), 332-334.
Ingersoll, B. (2010). Brief report: Pilot randomized controlled trial of reciprocal imitation
training for teaching elicited and spontaneous imitation to children with autism. Journal
of Autism and Developmental Disorders, 40(9), 1154-1160.

226

Ingersoll, B., & Gergans, S. (2007). The effect of a parent-implemented imitation intervention
on spontaneous imitation skills in young children with autism. Research in
Developmental Disabilities, 28(2), 163-175.
Ingersoll, B. & Lalonde, K. (2010). The impact of object and gesture imitation training on
language use in children with autism spectrum disorder. Journal of Speech, Language
and Hearing Research (Online), 53(4), 1040-1051.
Ingersoll, B., Lewis, E., & Kroman, E. (2007). Teaching the imitation and spontaneous use of
descriptive gestures in young children with autism using a naturalistic behavioral
intervention. Journal of Autism and Developmental Disorders, 37(8), 1446-56.
Ingersoll, B. & Meyer, K. (2011). Examination of correlates of different imitative functions in
young children with autism spectrum disorders. Research in Autism Spectrum Disorders,
5(3), 1078-1085.
Ingersoll, B., & Schreibman, L. (2006). Teaching reciprocal imitation skills to young children
with autism using a naturalistic behavioral approach: Effects on language, pretend play,
and joint attention. Journal of Autism and Developmental Disorders, 36(4), 487-505.
Ingersoll, B., Walton, K., Carlsen, D., & Hamlin, T. (2013). Social intervention for adolescents
with autism and significant intellectual disability: Initial efficacy of reciprocal imitation
training. American Journal on Intellectual and Developmental Disabilities, 118(4), 247261.
Jimenez, L., Lorda, M. J., & Mendez, C. (2014). Emulation and mimicry in school students with
typical development and with high functioning autism. Journal of Autism and
Developmental Disorders, 44(7), 1597-1608.

227

Kaiser, A. P. & Trent, J. A. (2007). Communication intervention for young children with
disabilities: Naturalistic approaches to promoting development. In S. L. Odom, R. H.
Horner, M. E. Snell, & J. Blacher (Eds.), Handbook of Developmental Disabilities (pp.
224-245). New York, NY: The Guilford Press.
Koegel, R. L. & Koegel, L. K. (2012). The PRT pocket guide: Pivotal response treatment for
autism spectrum disorders. Baltimore, MD: Paul H. Brookes Publishing Co.
Laine, F., Rauzy, S., Tardif, C., & Gepner, B. (2011). Slowing down the presentation of facial
and body movements enhances imitation performance in children with severe autism.
Journal of Autism and Developmental Disorders, 41(8), 983-996.
Landa, R. J., Holman, K. C., O’Neill, A. H., & Stuart, E. A. (2011). Intervention targeting
development of socially synchronous engagement in toddlers with autism spectrum
disorder: A randomized controlled trial. Journal of Child Psychology and Psychiatry,
52(1), 13-21.
Lattimore, P. L., Parsons, M. B. (2008). Simulation training of community job skills for adults
with autism: a further analysis. Journal of Behavior Analysis in Practice, 1, 24-29.
Lattimore, P. L., Parsons, M. B., Reid, D. H. (2009). Rapid training of a community job skill to
nonvocal adults with autism: an extension of intensive teaching. Journal of Behavior
Analysis in Practice 2, 34-42.
Lattimore, L. P., Parsons, M. B., Reid, D. H., Ahearn, W. (2006). Enhancing job-site training of
supported workers with autism: a reemphasis on simulation. Journal of Applied Behavior
Analysis, 39, 91-102.

228

Leaf, J. B., Oppenheim-Leaf, M. L., Leaf, R., Courtemanche, A. B., Taubman, M., McEachin, J.,
Sheldon, J. B., & Sherman, J. A. (2012). Observational effects on the preferences of
children with autism. Journal of Applied Behavior Analysis, 45, 473-483.
Markodimitraki, M., Kypriotaki, M., Ampartzaki, M., & Manolitsis, G. (2013). Effects of
context and facial expression on imitation tasks in preschool children with autism. Early
Child Development and Care, 183(9), 1276-1292.
McCathren, Rebecca B. (2000). Teacher-implemented prelinguistic communication intervention.
Focus on Autism and Other Developmental Disabilities, 15(1), 21-29.
McDuffie, A., Turner, L., Stone, W., Yoder, P., Wolery, M., & Ulman, T. (2007).
Developmental correlates of different types of motor imitation in young children with
autism spectrum disorders. Journal of Autism and Developmental Disorders, 37(3), 40112.
Nielsen, M., Slaughter, V. & Dissanayake, C. (2013). Object-directed imitation in children with
high-functioning autism: testing the social motivation hypothesis. Autism Research,
6, 23–32.
Odom, S. L., Rogers, S., McDougle, C. J., Hume, K., & McGee, G. (2007). Early intervention
for children with autism spectrum disorder. In S. L. Odom, R. H. Horner, M. E. Snell, &
J. Blacher (Eds.), Handbook of Developmental Disabilities (pp. 199-223). New York,
NY: The Guilford Press.
Plavnick, J. B., & Ferreri, S. J. (2011). Establishing verbal repertoires in children with autism
using function-based video modeling. Journal of Applied Behavior Analysis, 44, 747-766.

229

Ross, D. E., & Greer, D. R. (2003). Generalized imitation and the mand: inducing the first
instances of speech in young children with autism. Research in Developmental
Disabilities, 24(1), 58-74.
Schopler, E., Reichler, R. J., Bashford, A., Lansing, M. D., & Marcus, L. M. (1990).
Psychoeducational Profile-Revised (PEP-R), vol. 1. Austin, TX: Pro-Ed.
Smith, I. M., & Bryson, S. E. (1994). Imitation and action in autism: A critical review.
Psychological Bulletin, 116(2), 259-273.
Subiaul, F., Lurie, H., Romansky, K., Klein, T., Holmes, D., & Terrace, H. (2007). Cognitive
imitation in typically-developing 3- and 4-year olds and individuals with autism.
Research in Autism Spectrum Disorder, 22(2), 230-243.
Stone, W. L., Ousley, Y., & Littleford, C. D. (1997). Motor imitation in young children with
autism: what’s the object? Journal of Abnormal Child Psychology, 25, 475-486.
Sundberg, M. L. (2008). Verbal Behavior Milestones Assessment and Placement Program: the
VB-MAPP. Concord, CA: AVB Press.
Taylor, B. A., DeQuinzio, J. A. (2012). Observational learning and children with autism.
Behavior Modification, 36, 341-360.
Taylor, B. A., DeQuinzio, J. A., Stine, J. (2012). Increasing observational learning of children
with autism: a preliminary analysis. Journal of Applied Behavior Analysis, 45, 815-820.
Van Houten, R. and Hall, R. V. (2001). The measurement of behavior: Behavior modification
(3rd ed.). Austin, TX: Pro-Ed.
Vanvuchelen, M., Schuerbeeck, L. V., Roeyers, H., & Weerdt, W. D. (2013). Understanding the
mechanisms behind deficits in imitation” Do individuals with autism know ‘what’ to

230

imitate and do they know ‘how’ to imitate. Research in Developmental Disabilities,
34(1), 538-545.
Vivanti, G. and Dissanayake, C. (2014). Propensity to imitate in autism is not modulated by the
model's gaze direction: an eye-tracking study. Autism Research, 7, 392–399.
Vivanti, G., Nadig, A., Ozonoff, S., & Rogers, S. J. (2008). What do children with autism attend
to during imitation tasks? Journal of Experimental Child Psychology, 101(3), 186-205.
Wainer, A. L. & Ingersoll, B. R. (2013). Disseminating ASD interventions: A pilot study of a
distance learning program for parents and professionals. Journal of Autism and
Developmental Disorders43, 11-24.
Walton, K. M., & Ingersoll, B. R. (2012). Evaluation of a sibling-mediated imitation
intervention for young children with autism. Journal of Positive Behavior Interventions,
14(4), 241-253.
Whalen, C., Schreibman, L., & Ingersoll, B. (2006). The collateral effects of joint attention
training on social initiations, positive affect, imitation, and spontaneous speech for young
children with autism. Journal of Autism and Developmental Disorders, 36, 655-664.
Wild, K. S., Poliakoff, E., Jerrison, A., & Gowen, E. (2012). Goal-directed and goal-less
imitation in autism spectrum disorder. Journal of Autism and Developmental Disorder,
42(8), 1739-1749
Young, J. M., Krantz, P. J., McClannahan, L. E., Poulson, C. L. (1994). Generalized imitation
and response-class formation in children with autism. Journal of Applied Behavior
Analysis, 27, 685-697.

231

Young, G. S., Rogers, S. J., Hutman, T., Rozga, A., Sigman, M., & Ozonoff, S. (2011). Imitation
from 12 to 24 months in autism and typical development: A longitudinal rasch analysis.
Developmental Psychology, 47(6), 1565-1578.
Zachor, D. A., Ilanit, T., & Itzchak, E. B. (2010). Autism severity and motor abilities correlates
of imitation situations in children with autism spectrum disorders. Research in Autism
Spectrum Disorders, 4(3), 438-443.

232

APPENDIX Q
HSIRB Approval

233

